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CHAPTER-1 
INTRODUCTION 
The world population is growing at an alarming rate. The increase in the food 
production in the next 20 years is expected to be 2 billion and common humanity 
requires us to ensure adequate nutrition for this exploding population, as enormous 
problems in the production, distribution and stability of food products will be 
generated. In India 70-80% of population currently farm traditionally and simply eat 
all that they grow. India will be the most densely populated country in the world by 
2025 with 1.5 billion people. Strenuous efforts and radical changes in Indian 
agriculture and food preservation are a foot to break this plateau to avoid the serious 
nutritional catastrophes. An annual increase of 1.3% in food production is necessary 
at present time to feed the blasting population assuming present diet remain invariant. 
Pulses have been an integral part of Indian agriculture since time immemorial. By 
virtue of their ability to fix atmospheric nitrogen and being rich in vegetable protein, 
pulses offer one of the viable options for diversification of contemporary agriculture 
and management of natural resources for fulfilling the present nutritional requirement 
and for future assurance of increasing population. Food legumes are high value with 
low water requiring crops. Among food legumes, chickpea is the major pulse, which 
has the potential to compete with the major cereal crops provided there is a shift in 
priorities from resources allocation to favourable public policies with a total 
production of about 5748600 tonnes (FAO, 2008). 
The shortage in the total production of the pulse crop is only 0.1 million 
tonnes (mt) in the year 2007-2009. In India, the production was 14.76 mt. This year, 
the pulse production in India has gone down to 14.66 mt, but this little fluctuation in 
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the rate of production has been able to set the pulse price high by minimum of 18% 
for chickpea in about three months. 
Reducing yield losses caused by the pathogen of the tropical agricultural crop 
is one of the measures that can contribute to increase in food production. Yields loss 
is very common in tropical areas because of greater pathogen diversity due to more 
favourable environment that favours pathogen colonization, reproduction and 
dispersal. On the other hand the most important fact is lack of knowledge about 
disease and technical and financial resources. Actual yield is defined as that obtained 
under prevailing pest pressure or with no protection. Crop losses due to nematode 
would be that portion of the difference that directly or indirectly attributable to the 
pressure of nematode (Noe, 1987). 
Among the pathogens, plant parasitic nematodes are the potential unseen 
enemies found to attack each and every plant with rarely any exception and are highly 
important constraints to crop productivity and yield stability in the world. They cause 
US $125 billion of losses to agricultural world annually (Chitwood, 2003). It was just 
only a centuary back that plant parasitic nematodes established its identity in India 
with discovery of root-knot on tea in 1901 in South India. In nature nematodes usually 
act with other pathogens viz., fungi, bacteria, viruses in causing disease, when such 
interaction occurs, generally it is nematode, that predispose the root system to 
infection by the other organisms and damage is generally higher than the sum total of 
individual. 
For the effective measurement of the status of growth, yield and physiological 
parameters after infection of root-knot nematode, Meloidogyne incognita in a plant, a 
host upon which the net outcome is measured, is a pre-requisite. For this purpose a 
cereal legume, Cicer arietinum L. was selected. 
HOST DESCRIPTION 
The Chickpea, Cicer arietinum L. is an edible legume of the Family-Fabaceae, 
Siibfamily-Faboideae. This is the largest produced pulse in the World and is one of 
the earliest cultivated food crop, 7500 year old remains have been found in the middle 
East (Philologos, 2005). India is world's largest pulse producer, consumer and 
importer accounting for 27% of the global production. India is the world leader in 
chickpea (bengal gram) production followed by Pakistan and Turkey with total 
chickpea area harvested equals to 7543700 Ha (FAO, 2008). Chickpea is the third 
most important crop in the world (Saxena, 1990). 
Pulse production in India, 2009 
Source MCX 2009 
• pea 
• moong 
Dmasur 
Durad 
• tur 
• Ghana 
• others 
It is an armual erect plant with low stem. Tap root system is well branched. 
Stem is branched costate, cylindrical, downy 25-70 cm high .Wild form may even 
have trailing sprouts. Leaves imparipinnate, with serrate edges very downy with 11 -
13 alternate or opposite elliptical lobes. Flowers are single they lie in peduncle 
extniding from leaf axils with white or violet-blue in colour. Pods are inflated, downy 
1.5-3.0 cm long with 1-2 seeds of white, red-brown, black or cream coloured vary 
from 4-10 mm. Total seed production accounts 299000 tonnes as per reports of FAO 
(2008). 
In India, chickpea is grown as rabi crop (winter crop) in October after 
monsoon rains over. It is well adapted to arid and semi-arid regions with low to 
moderate rainfall and cool dry climate. Heavy rain after sowing or at flowering and 
fruiting stages are injurious. The crop cannot tolerate frost at any stage of growth. It 
thrives best in deep alluvial clay soil. Chickpea may be grown as pure crop or 
intermixed with others such as wheat, barley or mustard. Generally one or two 
ploughing is enough. The crop matures in three to three and half month. 
'm^ ?0D0- ?C01- ?00/- ? 0 J 3 - ?CC4- ? 0 0 > ?D06- ? 0 0 / - ?C08-
200C 01 02 :3 01 05 06 C7 OS OS-
Year SowTfr-AICRP,2009 
Trends of chickpea Area (niha) and 
Production (nU) (1999-2000 to 2008-09) 
Economic importance 
Chickpeas are a helpftil source of zinc, folate and protein. They are also very 
high in dietary fibre and hence a healthy source of carbohydrates for persons with 
insulin sensitivity or diabetes. Chickpeas are low in fat and most of this is 
polyunsaturated. Nutrient profile of desi chana (the smaller variety) is different, 
especially the fibre content which is much higher than the light coloured variety. One 
hundred grams of mature boiled chickpeas contains 164 calories, 2.6 grams of fat (of 
which only 0.27 grams is saturated), 7.6 grams of dietary fiber and 8.9 grams of 
protein. Chickpeas also provide dietary calcium (49-53 mg/100 g), with some sources 
citing the garbanzo's calcium content as about the same as yogurt and near to milk. 
Recent studies have also shown that they can assist in lowering of cholesterol in the 
bloodstream. According to the International Crops Research Institute for the Semi-
Arid Tropics chickpea seeds contain on an average: 
• 23% protein 
• 64% total carbohydrates (47% starch, 6% soluble sugar) 
. 5% fat 
• 6% crude fiber 
. 3% ash 
There is also a high reported mineral content: 
phosphorus (340 mg/100 g) 
calcium (190 mg/100 g) 
magnesium (140 mg/lOOg) 
iron (7 mg/100 g) 
zinc (3 mg/100 g) 
On the global basis plant parasitic nematodes are estimated to cause 13.7% 
losses in yield of chickpea (Nene et al, 1989) with a total amount of 7620 Hg/Ha 
yield (FAO, 2008). Chickpea being susceptible crop to many endoparasitic and 
ectoparasitic nematodes viz., Meloidogyne incognita, M. javanica (Ali & Askari, 
2001), Heterodera swarupi (Sharma et al, 1999), Pratylenchus thomei, 
Helicotylenchus spp. (Ali & Sharma, 2002), hence their management is so far 
difficult. In India, the root-knot nematode is reported to reduce its yield from 17% to 
60% depending on nematode inoculum density and soil types (Ali, 1995). 
Root-knot nematode, Meloidogyne spp. 
Among the various plant parasitic nematodes the root-knot nematode 
{Meloidogyne spp.) are economically the most damaging endoparasite and attack 
more than 2000 spp. of plants. The Meloidogyne incognita is a type of roundworm, 
belongs to family-Heteroderidae. It is an important parasite classified in parasitology 
as a root-knot nematode. The genus includes more than 60 species with M. javanicu. 
M. incognita, M. arenaria, M. hapla are major pest worldwide with another seven on 
a local basis (Eisenback & Triantaphyllou, 1991). Meloidogyne occurs in 23 of 43 
crops listed as having plant parasitic nematodes of major importance (Stirling ei al., 
1992). They are prevalent in menacing proportion around the world especially in sub 
temperate, subtropical, tropical and considered as 'King of pest' causing 5% of global 
loss (Sasser & Carter, 1985). So far five spp. have been reported from Uttar Pradesh 
(Khan & Siddiqui, 2005). 
Meloidogyne incognita has been found to be able to move along shallower 
temperature gradients (0.001 C/cm) than any other known organism. This is an 
example of thermotaxis. The response is complicated and thought to allow the 
nematodes to move toward an appropriate level in soil, while they search for chemical 
clues that can guide them to specific roots. The characteristic symptom of disease 
caused by Meloidogyne is the formation of galls. Galls in close proximity coalesced 
resulting in compound or coralloid galls. They are pale in colour with spongy texture, 
turning brown as they become older (Trivedi, 1978). Histopathological changes 
leading gall formation are hypertrophy of cortex and xylem parenchyma, hyperplasia 
of pericycle and xylem parenchyma, production of giant cells, enlargement of 
nematodes and production of eggs inside the host (Pandey, 1992). These eggmasses 
give rise to new generation of second stage juveniles (J2) that leads to next infection 
phase (Bridge & Starr, 2007). These second stage juveniles (J2) invade the root and 
become sedentary. Signals from second stage juveniles (J2) promote parenchyma cells 
near the head of J2 to become multinucleate (Hussey & Grundler, 1998) to form 
feeding cells, generally known as giant cells, for further feeding (Sijmons et ciL, 
1994), their lifecycle is temperature dependent (Trudgill, 1995). 
Crop losses 
It has been estimated that the global losses due to root-knot nematode, M 
incognita amounts to 78 billion (Chen et al., 2004). A loss of yield and quality can 
occur without specific above ground symptoms. The crop loss is defined as the 
differences between the attainable yield and the actual yield (Chiarappa, 1971). 
Almost all cultivated plants of economic importance are vulnerable to root-knot 
nematode, in addition many non crop hosts are attacked by root-knot. The weed host 
maintains population of root-knot in absence of crop hosts (Khan, 1994; Siddiqui ei 
al., 1986). The infection of young plant may be lethal while reduces yield in the 
mature (Norton & Nislack, 1991). On the world wide basis, the average annual loss of 
all the crops has been estimated to be about 10% especially when the indirect effects 
of nematodes are considered (Kleczkowski, 1997). 
Nematode management 
The major objective of nematode management is to maintain crop yield and 
aesthetic values of the crop by causing minimum possible disturbance to the diversity 
of the gene pool and to maximize the gains within the prevalent constraints. In India 
and other tropical countries, importance of nematode problems in forage crops has 
been realized only during a couple of decade back (Bhaskar et al., 1999; Jain & 
Hasan, 1998). The high cost of inputs makes new demands on scientists and 
technologists to cope up imbalance in farming economics, such problems allude to a 
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pragmatic thrust on minimization of all kinds of crop losses thus to maximize yield 
through innovative ways and means by evolving and stabihzing cost effective 
practices . 
A variety of approaches based on chemical biological and cultural methods 
has been found effective, to different degrees, in reducing nematode population and 
improving crop performance. 
Nematicides 
Nematicides have been found to give quick and demonstrable control of 
nematodes as halogenated hydrocarbons (DD, EDB, DBCP & MBr.) and 
organophosphates (phorates, phenamiphos etc.) carbamates. The major limitation 
associated is high costs, large doses, environmental hazards and residual problems. 
Their use in main field treatments may be economical only in high value crop. 
According to WHO 25000 to 30000 deaths occur every year due to pesticides' residue 
in food. The ecofriendly strategies have assumed greater in use of bioagents to control 
pathogen and has emerged as an alternative to curtail or replace the use of toxic 
chemicals (Ashraf & Yadav, 2009). For this some safe alternative available within 
agro system, may become pragmatic nematode control means, this includes use of 
organic amendments and utilization of phytotherapeutic substances. 
Cultural Practices 
These practices are done to improve the nutritional status of the soil, moisture 
conservation, management of weeds, pests etc. Cultural practices mainly include crop 
rotation, resistance varieties, fallowing, cover crops, flooding, trap crops etc. As like 
intercropping, in which certain nematodes antagonist crops such as Tageies spp., 
mustard, sesame etc. are grown as intercrops have been reported to reduce the 
incidence of root-knot or other nematodes. Antagonist crops (enemy plants) contain 
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some chemicals or alkaloids in their root exudates, which repel or suppress 
nematodes. For example, marigold root exudates consists the alpha terthinyl and 
bithinyl compounds (Siddiqui & Hisamuddin, 2007). Mustard root containing 
isothiocynates intercrop has been found to reduce root-knot infestation in chickpea 
and pea. Upadhyay and Dwivedi (2001) reported reduction in Heterodera population 
in sorghum and pigeonpea intercropping and increase yield up to 40.4%. 
Organic Amendment 
Adding decomposable organic matter to soil is recognized as a very efficient 
method for changing the environment of the soil and rhizosphere, thereby adversely 
affecting the lifecycle of nematodes. Further altered root physiology and higher vigor 
enables the plant to resist the attack of nematodes. This method also appears to be a 
good tool for reducing nematode density, infective capacity, host proneness, and 
susceptibility. It could bring nematode population below economic injury level and 
minimize their damage extent rather than eradicating them. A number of indigenous 
plants and their products have been proved to have nematicidal and nematostatic 
features. Non-edible oil seed cakes of neem (Azadirachta indica), karanj {Pongamia 
glabra), mahua (Madhuca indica), castor {Ricinus communis), cotton {Gossypium 
spp.), groundnut (Arachis hypogia) etc. have shown special potential. 
Several plant part extract are utilized as promising tool for eradicating or 
limiting the loss due to nematode as neem {Azadiracta indica), bakain (Melia 
azedarach), madar (Calotropis procera), bhang {Cannabis saliva), makoi (Solainuii 
nigrum), teak (Tectona grandis), tulsi {Ocimum sanctum)etc. 
Plant latex or their water extracts has been found as a deleterious tool agamst 
Plant parasitic nematodes (Siddiqui & Alam, 1990). Latex of species of Euphorbia, 
Ficus, Calotropis etc. can be utilized for limiting the nematode density. 
Green Manuring 
Green manuring is a conventional practice of growing plants and ploughing 
them in situ to provide nutrition to the main crop after proper decomposition, this not 
only changes the soil environment during decomposition but also affect the soil 
microflora and fauna. This practice has been traditionally used in legume cultivation. 
Organic matter release ammonia and thus helps in reducing the nematode population. 
They may also act as inhibitors of nematode egg hatching and reproduction. 
Biological Management 
Recently, there has been much emphasis on the exploitation of biocontrol 
agents against nematodes. A few microorganisms like Pasteuria penetrans, 
Paecitomyces lilacinus, Verticillium chlamydosporium, Trichoderma spp., Aspergillus 
niger etc. have shown great promise under limited experimental conditions. Studies 
conducted under controlled as well as field conditions indicated that T. harzianum, A. 
niger and P. lilacinus act effectively against M. incognita and H. cajani infesting 
chickpea and pegionpea (Haseeb & Shukla, 2002, 2003). P. lilacinus was first 
observed in association with nematode eggs in 1966 and the fungus was subsequently 
found parasitizing the eggs of M incognita in Peru (Jatala et ai, 1979). 
Therefore, the current study was carried under in vitro as well as under 
glasshouse conditions in order to observe the nemato toxicity of various control 
practices in order to control losses caused by M. incognita affecting chickpea with 
main emphasis of using non chemical methods and utilizing least possible 
concentration of nematicides and thus reducing their environmental impact to a 
negligible extent. And also exploring the use of biocontrol agents in concern of their 
parasitizing nature and inorganic compounds against the root-knot nematode, 
Meloidogyne incognita. 
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Chapter H 
Review of Literature 
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CHAPTER- II 
REVIEW OF LITERATURE 
The main goal in managing the nematode problem is to keep the density as 
low as possible, since they cannot be completely eliminated. Many noxious chemicals 
have been tried over the years but most are expensive and are highly toxic. The use of 
non chemical method is receiving attention, various control practices have been 
employed by various workers to check the nemato-toxic or nematostatic potential of 
different plant products and biocontrol agents. An attempt has been made to recollect 
in brief, the contribution of various workers made in the direction of chickpea root-
knot, and its efficient management specifically Meloidogyne incognita, which could 
be employed successfully in ecofriendly manner for sustainable environment. 
Plant parasitic nematodes are one of the biological constraints causing severe 
damage to the productivity of Chickpea (Tiyagi & Alam, 1986 and 1990). A number 
of phyto-parasitic nematodes have been reported on pulses causing potential yield 
losses (Ali & Askary, 2001; Ali & Sharma, 2002) and most important threat is posed 
by root-knot nematodes. Root-knot or gall nematode, in general, are important 
economic pest of legume like M. incognita, M.javanica, M. artiella and have been 
frequently recorded in association with crops like chickpea, cowpea, pea, soya bean, 
urd bean, as per reported by various workers. Chickpea, the world's third most 
important pulse crop, suffer adversely due to root-knot, M. incognita and M. Javanica 
(Sharma & McDonald, 1990). Singh and Satyapriya (2008) reported the occurrence of 
M incognita on bean and pea for the first time, and identified nematode on the basis 
of perennial pattern (Eisenback, 1985). Root-knot affecfing chickpea has been 
reported from India by Ahmad Jamal in 1976. Root-knot cause stunted growth of the 
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affected plants, chlorotic patches on foliage, wilting symptoms in the above ground 
part which give resemblance to the symptoms of nutritional deficiency or 
environmental factors. The main or conspicuous symptoms could be noticed in the 
root symptoms with varied size of galls with the reduction in number, size, weight of 
root nodules, thus affecting nitrogen-fixing capacity (Christie, 1936; Appel and 
Lewis, 1984; Samanathan and Sethi, 1996).The severity of damage caused by M. 
incognita in chickpea has been reported from different parts of hidia (Nath el uL. 
1979; Sandhu et al, 1981) and from abroad (Abdel Hamid e; a/., 1981). 
Hatching and Mortality 
Phenolic acids 2-hydroxy cinnamic acid and jasmonic acid found effescti\e 
with LCso lower then 1000 |xg/ml ranging from 260-821 mg/L and 432-803 mg/L 
accordingly against M.incognita (Siddappa et al., 2009). Joymatidevi (2008) reported 
inhibitory effect of chloroform methanol extracts of medicinal plants viz.. Parkin 
javanica, Chrodendrum indicum, Tectona grandis, Mussenda glabra, Clerodendrum 
serratum, Melia azedarach, Andrographis paniculata, Xylosoma longifolia, Vitex 
trifolia, Plumera rubra against eggs and second stage juveniles (J2) of M incognita. 
Oil of A. paniculata showed cent percent mortality within 12 hours both in 1000 ppm 
& 100 ppm concentrations. All are potentially effective in inhibiting hatching of 
nematode eggs. Similarly essential oils of some plants were tested for antinemic 
actions (Oka, 2001; Sinha et al., 2004). Sinha et al. (2006) reported basil oil {Ocimum 
basilicum) with ED50 for juvenile immobility equals to 47.7 ppm after 24 hours of 
exposers. Maximum nematicidal activity was recorded in oils of Eucalyptus citridora. 
E.hybrida and Ocimum basilicum even at lower concentration that is 500 and 250 
ppm (Pandey et al., 2000). 
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Neem kernel was found most effective out of leaves, bark and kernel as it did 
not allow revival of the juveniles at S/2 concentration exposed just for 24 hours 
followed by leaves and then bark (Singh & Dabur, 2008). Ahmad et al. (2007) 
analyzed biotoxicity of leaf extract of Ficus bengalensis was more effective than F 
virens. Mortality increases with increase in concentration and exposer period. The 
standard suspension of seed, leaf and bark of Tamarindus indica, Cassia siemea. 
C.sieberiana, Isoberilinia doka and Delonix regia also inhibited larval hatching by 
97% (Bello et al., 2006). 
The crude extract of fmit leaves of Citrus aurantifolia at 500 ppm was 
sufficient to immobilize more than 50% of J2 after 24 hours where aslOOO ppm 
showed 100%) mortality after 72 hours (Saxena & Gangopadhyay, 2005). Similarly 
100%o mortality was proved in case of Calotropis procera and Datura stramonium in 
//; vitro conditions (Prasad et al., 2002) and seed extract of Areca catechu at O.I'M) 
(Sarvanapriya et al., 2004). On the basis of LCso values, 250 ppm of C. roseus, 440 
ppm of C. lanceolatus, 860 ppm of Dandeleon spp. and 1550 ppm of Chrysanthemum 
spp. were found effective after 24 hours against second stage juveniles (J2) of M. 
incognita (Sosamma & Jayashree, 2002; Saxena & Lalita, 2005). Leaf extracts of 
Calotropis gigantea (17.7%)) and latex (32.6%o) were found to be the best at 0.1 and 
1.0%) concentration where as latex of C papaya showed cent percent mortality after 
72 hours at 5% and 10%) (Sarvanapriya & Sivakumar, 2004). 
Methanol extract of Croseus roots and defatted onion seeds and essential oils 
of Pelargonium graveolens showed significantly high nematicidal activity 
(Chandravadana et al., 1996). Hostathion was found highly toxic with LD50 ranged 
from 6-10 ppm followed by posse LDso 7-20 ppm and rugby LDso 6-30 ppm against 
root-knot nematode (Siddiqui & Saxena, 1997). PF-21 out of four strains of 
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P.flouroscence showed relatively higher inhibition of hatching and higher mortality 
rate (Channppa et al, 2008). 
Varietal Screening 
Attempts have been made to screen out resistant cultivars of chickpea against 
M incognita as well as F. oxysporum f. sp. Ciceri (Haware & Nene, 1982) as F. 
oxysporum f. sp. ciceri is also the important soil borne pathogen in this subcontinent, 
which is managed primarily by planting cultivars with race specific resistance (Jalali 
& Chand, 1992). Local resistance and systemic acquired resistance are generally 
accompanied by elevated level of endogenous Salicylic Acid (SA) which occurs 
through the generation of salicylic acid radicals, a likely byproduct of the interaction 
of SA with catalase and peroxidase. The average reading of SA content of absorbance 
by the leaf samples recorded lowest for Chickpea variety Pusa-362 inoculated by M. 
incognita with SA in shoot 14.75 and in root 18.14 ppm as compared to other 
varieties (Pankaj et al, 2005). Six chickpea genotypes BGD-72, Pusa-391, Pusa-1088, 
BGD-1103, Pusa-1108 and BGD-112 green were reported to have different degree of 
resistance to M. incognita with least gall index showed by BGD-72 (Ganguly et al., 
2008). M.incognita brought about significant reductions in plant growth and root 
nodulation in most of the cultivars tested. Out of 14 cultivars tested all were found 
susceptible to root-knot, M.incognita except H-86-18 and ICCV-10 which were found 
highly resistant and RSG-514 and ICCV-38 moderately resistant (Wani & Alam, 
1993). Various susceptible cultivars were reported by the different workers in due 
course as RSG-564 (Jain & Trivedi, 2000) and C-41-42, C-42-02, C-44-2 (Hassan & 
Devi, 2004). Cultivars HOO-216 was found resistant against M. incognita but showed 
moderate resistant against F. oxysporum f. sp. ciceri. Out of 32 cultivars most were 
found susceptible or highly susceptible against both the pathogen (Haseeb ei al.. 
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2006). The peroxidase activity in the shoot of different cultivars of chickpea revealed 
that the moderately resistant variety had higher degree of peroxidase enzyme activity 
with maximum activity observed in Pusa-256 as compared to others (Chawla & 
Pankaj, 2007). 
AH & Ahmad (2000) reported absence of immunity against M. javanica in 
several cultivars. Community analysis of sixty three soil samples of chickpea revealed 
the presence of Hoplolaimus indicus with highest frequency (95.23) density (180.95), 
prominence value (94%) followed by Tylenchorhynchus mashhodi (AH et al., 2006). 
Tylenchorhynchus spp. infesting chickpea have been reported from Uttar Pradesh, 
Gujarat, Bihar, Haryana, Madhya Pradesh (AH, 1995) and are responsible for 
significant reduction in plant mass and pod number at 1000 or more nematode/plant 
(Tiyagi & Alam, 1989). 
Management through Organic Amendment 
Adding decomposable organic matter to the soil is recognized as a very 
efficient method for changing the environment of soil and rhizosphere, thereby 
adversely affecting the lifecycle of nematodes. Decomposed matter altered root 
physiology and higher vigor enables the plant to escape from the attack of nematode. 
A number of indigenous plant products have been proved to be effective against 
nematode. Non-edible oil seed cakes as neem {Azadirachta indica), Karanj 
(Pongamia glabra ) , Mahua (Madhuca indica), Castor (Ricinus communis). Mustard 
{Brassica campestris L.), Cotton {Gossypium hirsutum L.), Rocket salad {Enica 
saliva) etc. have been proved to show antinemic potential. On the other hand chopped 
leaves or other plant parts of bhang (Cannabis saliva), datura (Dalura melel ), madar 
{Calotropis procera), makoi (Solanum nigrum), teak {Tectona grandis), neem 
15 
{Azadirachta indica), sarpagandha {Rauwolfia serpentine), tulsi {Ocimum sanctum) 
etc. or plant of Asteraceae Family are found effective against nematode. 
Linford et cil. (1938) for the first time reported reduction on incidence of 
Meloidogyne spp. on cowpea {Vigna unguiculata L.) by chopped leaves of Pineapple 
{Ananas cosmos L.). Soil amending with neem and its products is reported as 
effective against different phyto-parasitic nematode in various plants (Hellap & 
Dreyer, 1995; Umamaheshwari & Sundarababu, 2001; Oka & Pivonia, 2002; Shah et 
ciL, 2004; Rather & Siddiqui, 2007). 
Alam (1990) observed the efficacy oil cakes on some annual crops for phyto-
parasitic control. Among karanj, neem, mustard, castor, mahua cakes, neem cake was 
found the most effective followed by karanj @ 20% (w/w) in improving plant growth 
characters of chickpea and suppress M. incognita (Anver & Alam, 2000; Yadav et 
uL, 2006; Ansari & Azam, 2010), mahua cake against Rotylenchulus reniformis on 
cowpea (Ram & Baheti, 2004; Dayal & Sharma, 2007) and groundnut cake against M. 
incognita affecting Phaseolus mungo (Vaitheeswama et ai, 2005). 
Nematicidal and nematostatic properties of various other plants were also 
assured as an effective tool against phyto-parasitic nematodes as Allium sativum. 
Tagetes spp. (Walia & Gupta, 1997) Calotropis procera (Rao et ai, 1996), Salvia 
spp. (Idowa, 1999), Blechum piramidatum, Stenandrium nanum, Furcraea cahum. 
Ageratum gaumeri, Ambrosia hispida, Bidens alba, Calia utricifolia, Acalypha 
gaumeri, Croton chiensis, Tephrosia cinerea, Trichilia arborea, T. mimitiflora. 
Randia longiloba, R.obcordata, R.strandleyana (Cristobal-Alejo et al., 2006), Ficiis 
bengalensis, F. virens (Ahmad et al, 2007). Total chlorophyll content increase in 
Vigna mungo with increase seed extract concentration of Neriuni indicum affecting 
adversely the M. incognita population (Vijay et al., 2009). Flower, leaves, seeds and 
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roots oi^ Chrysanthemum coronarium and flowers of the Asteraceae Family (a 5g/5()() 
cm^ suppress M. artiellia and enhance growth of chickpea cv. 'PV 61' and thus 
showed nematicidal action (Perez et ai, 2003). 
Seed treatment of chickpea with neem products have been recorded effectixe 
as well as economical for nematode management in chickpea and other pulse crops 
(Mojumder & Mishra, 1991, 1994, 1996 and Mojumder & Raman, 1996). Soil 
application of aqueous extract of neem parts reported to reduce galling caused by 
M.incognita in chickpea (Mojumder & Mishra, 1993) and treatment of chickpea seed 
with neem seed kernel, neem seed coat, achook, neemark and nimbicidine at 4 doses 
were effective in reducing penetration of second stage juveniles of M. incognita and 
its multiplication (Mojumder & Basu, 1999). The toxic principles of neem reduce 
nematodes directly and also the chemicals release due to decomposition of neem 
products affects nematode. Pre-decomposed crude neem products have been found 
effective against M.incognita in chickpea and mungbean when added after 60 days of 
decomposition (Mishra & Mojumder, 1995). Cassava peelings, cocoa pod husk and 
rice husk posed negative influence on M. incognita affecting cowpea (Egunjobi, 1985; 
Egunjobi & Olaiton, 1986). Combination of oil cake and nematicides proved effective 
on M. incognita and enhance plant growth character (Sankamarayana & Sundarababu, 
1997). 
Seed treatment with carbofuran 3g @ 3% (w/w) and organic amendments viz., 
neem cake, poultry manure and mustard oil cakes each @ 2 t/ha alone or seed 
dressing followed by organic amendments @ 1 L/ha reduce effect of M incognita in 
mung bean and enhance growth characters. Best combination found was poultrv 
manure @ 2 t/ha followed by seed dressing+neem cake @ 1 L/ha (Barman & Das, 
1996). Gaur & Mishra (1990) reported that neem cake 1 t/ha+phorate 10 g (a/ 1% 
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(w/w) as seed treatment+basal application of aldicarb 10 g @ 40 kg/ha significantly 
reduced the plant parasitic nematodes and increased yield of green gram. Oil seed 
cake caused significant reduction in root galling (Dwivedi & Pandey, 1992). 
Amendment of soil with chitin proved promising in reducing the impact of 
M.javanica on chickpea (Ehtesahamul-Haque et al, 1997), 
Ali et al. (2008) reported chickpea intercropping with mustard in limiting 
yield losses and to acknowledge crop nematode interaction, its impact on nematode 
population dynamics and economics of chickpea production. This system is necessary 
for implementation in management and advisory services. Mustard is considered as 
non-host for root-knot and thus reduces its population by releasing isothiocyanate 
compound (Stirling & Stirling, 2003). Intercropping sesame with okra and chickpea 
favoured development of M incognita males (Tanda & Atwal, 1981). Generally crop 
mixture include chickpea-linseed, chickpea-mustard, chickpea-coriander has been 
quite successful systems regarding higher productivity (Singh & Ali, 2003). Cropping 
sequence involving chickpea-maize-groundnut was reported to control M. javanicu 
and M incognita (Sharma et al., 1992). 
The addition of fly ash in lower concentration (30%) amended physical 
characteristics and the electrochemical properties in sandy loam soil thus enhance 
yield of chickpea and inhibit M. incognita (Hisamuddin, 2008). Certain chemical 
inducers exhibited resistance in plants to phytonematodes (Pankaj & Sirohi, 2002). 
Ascorbic acid leads to enhance the synthesis of hydroxyproline containing protein and 
activate cyanide resistant respiration and increase plant resistance against nematode. 
Salicylic acid enhances number of nodules and thermogenicity. Seed soaking+foliar 
spray of ascorbic acid @ 1000 ppm was effective in mung bean against root-knot 
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nematode (Nagar et ai, 2009). Salicylic acid is very effective against root-knot and 
increase nodulation in pulse crop (Pankaj & Sharma, 2003; Sirohi & Pankaj, 2005). 
Wani (2005) observed the cropping sequence wheat-chilli-fallow caused 
greater reduction in nematode population followed by lentil-cowpea-mung and then 
chickpea-okra-chilli than mustard-mung-tomato and tomato-fallow-okra with deep 
ploughing. Crop rotation is also an effective means of nematode suppression (Starr et 
al., 2002), such as velvet bean, Miicima deeringiana (Vargas et a/., 1994). Siddiqui 
(2005) observed that none of the 25 different cropping sequences were effective in 
suppressing the population of plant parasitic nematodes. However, okra-cauliflower-
sesbania-coriander and okra-mustard-sesbania-carrot were comparatively beneficial. 
The nematode population was also reduced to a very low level when the field was left 
fallow. 
Management through biocontrol agents 
Microflora residing in the rhizosphere assured to have potential against 
nematodes to some extent and is a better alternative source of nematicides (Sikora, 
1992; Kerry et al., 1993; Kerry, 2000), as bacterial parasite (Singh & Dhawan, 1994), 
fungal parasite (Kok & Papert, 2002), and mycorrhizal (Pinochet et al, 1996). But it 
is difficult to establish mycoflora in the vicinity of plant with single growing season 
(Starr e/fl/., 2002). 
Rhizobiuin, G. fasciculatum, T. harzianum, T. viride and P. flourscence were 
found effective against M. incognita and F. oxysporum f. sp. ciceri affecting chickpea 
and reduce gall index and wilting (Ansari & Azam, 2010). Trichotheciuin roseuni 
comes out most effective in mifigating the adverse effect of M. incognita and R. 
solani followed by T. viride. fungus (Arya & Saxena, 2009). In presence of 
Bradyrhyzobium the damage to plant growth was significantly less except when 
19 
nematode inoculation is followed by bacterial application (Bhat et al, 2009). 
Legumes are highly dependent on AM fungi, increase in spore concentration increases 
mycorrhizal colonization which in turn increases absorptive surface area of root 
resulting in greater uptake of phosphorus and other elements (Gautam & Mahmood, 
2001). 
Integrated Pest Management (IPM) module consisting of seed treatment with 
T. viride, mixing of sorghum seeds, fixing pheromone traps, artificial bird perches 
inputs like aphids tolerant and early maturing cultivars of chickpea, proper cultural 
and cultivation practices and 2 sprays of neem kernel extract @ 5% with 1 spray of 
dimethoate @ 0.03% in between, proved superior, economically feasible and less 
expensive in reducing pest (Singh et al., 2006). Combined application of T. vindie 
and Pseudomonas flouroscence were found effective against Pratylenchus thornei in 
chickpea crop. Similar results were reported in case of root-knot nematode in soya 
bean (Devi & Hasan, 2002). 
One of the naturally occurring biocontrol agent, Paecilomyces Ulaciinis has 
been found effective against nematodes specifically to root-knot nematode (Khan & 
Saxena, 1996).This is an oppurtunistic fungus that colonise and destroy reproductive 
organ of female eggs of root-knot nematode, and makes most effective combination 
with neem cake (Tiyagi & Ajaz, 2000). The combine application of Cassia lora leaf 
powder and P. lilacinus were found most effective in reducing the effect of M. 
incognita affecting chickpea (Azam et al, 2009). 
The combined application of various oil cakes and biocontrol agents were 
proved effective in reducing nematode effect (Tiyagi et al, 2002; Zareena & Kumar. 
2005). Sharma et al. (2009) reported that fumigants other than methyl bromide like 
metham sodium, dazomet and non fumigant as cadusaphos and oxamyl are proved to 
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be effective in protected cultivation, combined use of bioagents, neem products and 
dazomet have showed promising antinemic properties. Similarly neem 
cake+carhofuran+Pseudomonasflouroscence was found effective against nematode in 
green gram as compared to individual applications, because of growth promoting and 
carbohydrate-lectin metabolism ofP.flouroscence (Nayak & Mohanty, 2008). 
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CHAPTER- III 
MATERIALS AND METHODS 
Test Plant and Pathogen 
The root-knot nematode, Meloidogyne incognita (Kofoid and White) Chitwood was 
selected as test pathogen and Chickpea, Cicer arietinum L., Family- Fabaceae was 
analysed as host crop. 
3.1 Axenization of Seeds 
Certified seeds of Chickpea, Cicer arietinum L., Family- Fabaceae were obtained 
from the local market Aligarh. The varieties of Chickpea used in present study to 
check the pathogenicity oi Meloidogyne incognita are IR-36, Avarodhi, DCP- 92, 
Pusa-256. 
The seeds of chickpea were axenized by NaOCl method (Koening and Barker, 1985). 
About 250 seeds of each variety were poured into 500 ml sterilized beaker 
individually filled with 1:1 mixture of 95% ethanol and 5.25% NaOCl. The mixture 
was stirred gently and seeds were allowed to soak for about 8-10 minutes. The 
mixture was drained off and the seeds were rinsed with sterilized distilled water. 
3.2 Germination of Seeds 
Clay pots of 15 cm diameter filled with 1kg soil (7 clay: 2sand: 1 farmyard manure) 
were autoclaved at 20 lbs pressure/inch^ for 20 minutes. Ten axenized seeds of each 
variety of chickpea were then sown in each pot for each experiment. The pots were 
sprinkled with distilled water and kept in glass house conditions. 
3.3 Collection and identification of nematodes 
Roots of Eggplant, Solanum melongena L., Family-Solanaceae showing root-knol 
symptoms (galls & eggmasses) were collected from the farm field, Seohara, Bijnor 
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(U.P.)- The eggmasses were collected from the root samples. For identification, the 
mature females were excised from the galls of the roots. Perineal pattern of the mature 
female from each of the root system were prepared and examined under microscope 
(Eisenback, 1985). 
3.4 Maintenance of the inoculum 
Collected eggmasses of Meloidogyne incognita were placed on a small course sieve 
(1mm pore size) lined with the crossed lined tissue paper and placed in 10 cm 
diameter Petridish containing Double Distilled Water (DDW). The Petriplates were 
incubated in BOD incubator at 25*^  C for 5 days. The second stage juveniles (J2) 
hatched out from eggmasses of incubated Petridishes were collected in a beaker. The 
inoculum was standardized by counting the number of second stage juveniles/ml of 
Double Distilled Water in counting dish under stereoscopic microscope (Doncaster, 
1972). 
3.5 Mortality test 
The fresh and young plant parts of Calotropis procera, Family-Asclepiadaceae, 
Tagetes erecta, Family-Asteraceae, Euphorbia cotonifolia, Family-Euphorbiaceae, 
Cannabis saliva, Family-Carmabinaceae, Nerium indicum, Family-Apocynaceae, 
Solanum nigrum, Family-Solanaceae were washed thoroughly under tap water and 
chopped. Twenty five (25) g of each were dissolved in 75 ml of distilled water and 
kept overnight. These leaves were then macerated separately in a waring blender and 
centrifuged at 320 rpm for 15 minutes. The centrifuged supernatant was filtered 
through Whatman's No.l filter paper (Whatman International Ltd., Mainstone,(UK) 
and the filtrate was termed as standard 'S'. The extracts were diluted to S/2, S/10. 
S/100 with distilled water. Approximately 100 freshly hatched second stage juveniles 
(J2) handpicked specimens {Khan et al., 1972) were transferred separately to 40 mm. 
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diameter peteridish containing 10 ml of different dilutions of water extracts, according 
to the method of Alam (1985). Petridish containing sterilized distilled water served as 
control. Each treatment was replicated four times. The immobilized (dead) nematodes 
were counted after 12, 24 and 48 hours of exposed period. The mean percentage of 
mortality was calculated. Mortality of nematodes was assessed after the juveniles (J:) 
were transferred to plain water. 
3.6 Hatching test 
For hatching experiments, five average size and healthy eggmasses of root-knot 
nematode, Meloidogyne incognita were handpicked with the help of sterile forceps 
and transferred separately into 40 mm petridishes containing 10 ml of the above 
mentioned test extract. Each replicated 4 times including distilled water as control. 
The number of hatched juveniles were counted after 5 days and the percent inhibition 
over distilled water was calculated. 
3.7 Varietal Screening 
The Glasshouse experiments were established for evaluating the pathogenicity of 
root-knot nematode, M. incognita. After emergence of the seedlings of each variety 
thinning was done and only one seedling was allowed to grow in each pot. Three 
week old seedlings were then separately inoculated with 50, 500 and 5000 second 
stage juveniles (J2). Uninoculated plants served as control. Each treatment including 
inoculated and uninoculated (control) were replicated four times. 
3.8 Inoculation of the nematode 
Inoculation was done 15 days after the gemiination of the seeds. A hole of 3-5 cm 
deep was made in the rhizosphere (1-5 cm) around the plant roots. A predetermined 
amount of nematode suspension containing 1000 number of second stage juveniles ( 
J2) oi Meloidogyne incognita were poured into the hole using sterilized pipette .The 
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holes were plugged gently with sterilized soil. The pots were then placed in 
glasshouse condition in randomized manner. Necessary weeding and watering was 
done as per requirement. 
3.9 Nematode control with Interculturing 
Antagonist crops (enemy plants) contain some chemicals or alkaloids in their root 
exudates, which repel or suppress nematodes. Marigold root exudates consists of the 
alpha terthinyl and bithinyl compounds. For evaluating the allelopathic effect of 
Tagetes erecta, six 15 week old seedlings of the plant were transplanted in each pot 
containing three week old seedlings of chickpea in the centre. The experiment was 
plotted on the same pattern for each and every seedling of chickpea of all the four 
cultivars. Watering was done as per requirement. Inoculation was done 15 days after 
the germination of the seeds. 
3.10 Nematode control with latex used as seed dresser 
Evaluation of latex bearing plants as seed dressing treatment was done to check the 
nematicidal efficacy of their latex. Latices of Calotropis procera and Euphorbia 
tirucalli were collected from the Horticulture center, Aligarh Muslim University, 
Aligarh (U.P.). Fifty seeds of each 4 cultivars were then thoroughly mixed with above 
mentioned latices separately. A unifonn and smooth coating was made around the 
seeds. These treated seeds were then spread in an enamel tray and allowed to dry in 
shade before sowing. The latices treated seeds of each cultivars were sown in pots 
containing 1kg autoclaved soil supplemented with farmyard manure. Watering was 
done as per requirement. Inoculation was done 15 days after the germination of the 
seeds. 
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3.11 Nematode control with chopped plant leaves 
For evaluating the efficacy and nematostatic potential of organic soil amendments 
chopped leaves of Calotropis procera, Tagetes erecta, Euphorbia cotouifolia. 
Cannabis sativa, Nerium indicum and Solanum nigrum were applied at two doses 
(50g and lOOg/pot) and thoroughly mixed with soil. Each treatment including 
untreated inoculated and untreated uninoculated (control) were replicated four times. 
The pots were watered immediately for ensuring proper decomposition of the organic 
additives. After two weeks of waiting period 10 seeds of Cicer arietinum c\. 
'Avarodhi' were sown in each pot. Inoculation was done 15 days after the 
germination of the seeds. 
3.12 Nematode control with Oil cakes and Nematicides 
The glasshouse experiments were established for evaluating the efficacy of oil cakes 
of various plants (Neem, Mustard, Cotton) alone @ 50g/pot and lOOg/100, and in 
combination with nematicides Carbofuran/Furadan 3-G (2,3-dehydro-2,2-dimelhyl 7-
benzofuranyl methyl carbamate) and Phorate/Thimet 10-G(0-0-diethyl S-ethyl 
thiomethyl phosphorodithioate) against the root-knot development caused by the 
root-knot nematode, M incognita (Kofoid and White) Chitwood and their potential in 
enhancing the plant growth characters of chickpea cv. 'Avarodhi'. Clay pots (15cm in 
diameter filled with 1kg autoclaved soil was treated with different oil cakes applied (a, 
50g /pot in combination with carbofuran and phorate applied @ Ig/pot.The pots were 
soon watered after the application of different treatments for facilitating the proper 
decomposition of the organic additives, hioculation was done 15 days after the 
germination of the seeds. 
26 
3.13 Nematode control with Nimin, Achook, Neemraj, Neem seed 
kernel oil 
The glasshouse experiments were established for evaluating the efficacy of Nimin (a 
triterpene rich neem product of Godrej Cooperation Ltd. India), Achook (a 
triterpenoid containing Azadirachtin 0.15% w/w min., product of Godrej Agrovet 
Ltd.), Neem kernel oil (cold pressed Niboli oil, product of Khadeshwar Oil Mills Pvi. 
Ltd., Aurangabad), Neemraj (a neem product of Khadeshwar oil Mills Ltd. 
Aurangabad-1, Maharashtra, India) as urea coating agents against the impact of A/. 
incognita and their potential in enhancing the plant growth characters of chickpea c\. 
'Avarodhi'. All four neem products with cocentrations 1, 2 and 3 ml were mixed 
with lOOg urea. Pots filled with autoclaved soil were incorporated with urea @lg 
N/pot coated with different amount of neem products as per making single (SS), 
double (DS) and triple strength (TS). 
3.14 Preparation of Fungal inoculums and Inoculation 
The culture of the Trichoderma harzianum (strain no.6276) and Paecilomyces 
lilacinus (strain no.4899) were bought from Indian Agriculture Research Institute 
(lARI), New Delhi. Fungal culture maintained on Potato Dextrose Agar (PDA). The 
constituents of PDA (Riker and Riker, 1936) are given below 
Agar 17.00 g 
Potato peeled and sliced 200.00 g 
Dextrose 20.00 g 
Doubled Distilled water 1000. 00 ml 
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For the mass production of T.harzianum and P. lilacinus, Richards medium was 
utihzed. The composition of Richards (1976) medium is as follows: 
Potassium Nitrate (KNO3) 10.OOg 
Potassium Dihydrogen Phosphate 5.00g 
Magnesium Sulphate (MgS04) 2.50g 
Ferric Chloride (FeCb) 0.02g 
Sucrose(Ci2H22 0ii) SO.OOg 
Doubled Distilled Water 1000.00ml 
The medium was prepared, filtered through muslin cloth and then sterilized in an 
autoclave at 15 lbs, for 15 minutes in 250 ml flask. The Hquid medium was then 
inoculated with small amount of fungus maintained on PDA Slant with the help of 
inoculation needle in an aseptic chamber. These inoculated flasks were then kept in an 
incubator at 25-28^ C for about 15 days to allow rapid growth of fungus for 
experimental studies. After enmassing of T.harzianum and P.lilacinus on Richards 
medium, lOOg of mycelia was blended in 1000ml of double distilled water in waring 
blender so that 10 ml of suspension contained Ig of mycelia. The fungal suspensions 
of T.harzianum and P.lilacinus @lg and 2g were then incorporated into the soil 
along with nematode inoculum around the rhizosphere of 15 days old seedlings of 
chickpea cv. 'Avarodhi' by making holes, 5-7 cm deep within the radius of 2 cm. 
These holes were plugged with sterilized soil after inoculation.The pots were watered 
regularly to maintain the soil moisture. 
3.15 Nematode control with fungal agents, decompose and 
undecompose oil cakes and nematicide 
The glasshouse experiments were established for evaluating the efficacy of oil cakes 
of various plants viz., Neem, Mustard and Cotton alone @ 50g/pot and in 
28 
combination with nematicide, Carbofuran/Furadan @ Ig/pot and two biocontrol 
agents viz., Trichoderma harzianum and Paecilomyces lilacimis @lg/pot against the 
root-knot nematode, Meloidogyne incognita and their potential in enhancing plant 
growth characters of chickpea cv. 'Avarodhi'. The pots were watered soon after the 
application of different treatments for facilitating the proper decomposition of organic 
additives. It was left for 3 weeks termed as Decomposed oil cakes, while for 1 week 
termed as Undecomposed oil cakes. 
There were four replicates for each experiment including the untreated inoculated or 
untreated uninoculated (control). Each pot was inoculated with an initial inoculum 
level of 1000 freshly hatched second stage juveniles (J2) o^Meloidogyne incognita. 
The experiments were terminated 60 days after inoculation. The plants were carefully 
uprooted and the roots were washed gently and thoroughly under running tap water 
taking with utmost care to avoid loss or injury to the roots during the complete 
operation for the analysis of different plant growth parameters. The different plant 
parameters viz. shoot length, root length, fresh and dry weight (root and shoot) 
number of flowers, number of pods, number of galls, number of nodules, chlorophyll 
content (a & b), nitrate reductase activity were determined separately. The root-
nodule index was assessed as 0= no nodulation, 1 = very light nodulation, 2 = light 
nodulation, 3 = moderate nodulation, 4 = heavy nodulation and 5 = very heavy 
nodulation. These were kept in bamboo envelops and placed in an incubator at 80" C 
for 48 hours for obtaining the dry weight. 
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The extent of root-knot infection caused by the root-knot nematode, M. incognita was 
assessed according to the rating scale of Sasser et al. (1984) as under: 
Root-knot Index(RKI) 
0 
1 
2 
3 
4 
5 
Number of Galls/Root system 
0 
1-2 
3-10 
11-30 
31-100 
>100 
Chlorophyll Estimation 
The Chlorophyll contents in fresh leaves were estimated following the method 
worked out by Mackinney (1941). 
One gram of finely cut fresh leaves was ground to a fine pulp using a mortar 
and pestle after pouring 20 cm'^  of 80% acetone. The mixture was 
centrifuged at 5000 rpm for 5 minutes. The supernatant was collected in 100 
cm volumetric flask. The residue was washed three times, using 80% 
acetone. Each washing was collected in the same volumetric flask and the 
volume was made up to the mark using 80% acetone. The absorbance was 
read at the wavelength of 645 nm and 663 nm against blank (80% acetone) 
on spectrophotometer (UV 1700, Shimadzu, Japan). The chlorophyll content 
present in the extract (mg g''tissue) was calculated using the following 
equation: 
30 
V 
' „ ' „-l mg chlorophyll 'a' g tissue = 12.7 (A663) - 2.69 (A645) x 
' U ' ^-1 mg chlorophyll 'b' g"' tissue = 20.2 (A645) - 4.68 (A663) x 
1000 xW 
V 
1000 xW 
V 
-1 
mg total chlorophyll g tissue = 20.2 (A645) + 8.02 (A663) x 
1000 xW 
A = Absorbance at specific wave length (k) 
V = Final volume of extract in 80% acetone 
W = Fresh weight of tissue extracted 
Nitrate Reductase Activity (NRA) 
The activity of nitrate reductase in fresh leaves was estimated by the following 
method of Jaworski (1971). 
The leaves were cut into small pieces (lcm^).Two hundred (200)mg of these chopped 
leaves were weighed and transferred to plastic vials. To each vial, 2.5 ml of phosphate 
buffer pH 7.5 and 0.5ml of potassium nitrate solution was added followed by the 
addition of 2.5 ml of 5% of isopropanol. These vials were incubated in BOD 
incubator for 2 hours at 30±2°C in dark. 0.4 ml of incubated mixture was taken in a 
test tube to which 0.3 ml each of sulphanilamide solution and NED-HCl were added. 
The test tubes were left for 20 minutes, for maximum colour development. The 
mixture was diluted to 5ml Double Distilled Water (DDW). The absorbance (O.D.) 
was read at 540 nm using spectrophotometer. 
A blank was run simultaneously with each sample. Standard curve was plotted by 
using known graded concentration of NaN02 (Sodium nitrite) solution. The 
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absorbance (O.D) of each sample was compared with that of caHbration curve and 
nitrate reductase activity expressed at nm (/xmh"'g'') 
Statistical Analysis 
The data of the experiments were analyzed, using SPSS 12.00 Software (SPSS Inc. 
Chicago, IL, USA) for analysis of variances (ANOVA). All the values were presented 
as the mean which were compared according to Least Significant Differences/Critical 
Differences (CD) at/?=0.05 and;7=0.01 level. 
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Chapter IV 
Results 
% 
CHAPTER- IV 
RESULTS 
4.1 Effect of antinemic properties of water extracts of fresh 
chopped leaves of different plant species on the larval 
hatching of the root-knot nematode, Meloidogyne incognita 
The experiment was conducted under in vitro conditions to assess the 
antinemic properties of the water extracts of plant leaves of Calotropis proceni, 
Tagetes erecta, Cannabis saliva. Euphorbia cotonifolia, Nerium indicwn and Solanwn 
nigrum against the hatching of second stage juveniles (J2) of the root-knot nematode, 
Meloidogyne incognita. Leaf extracts of all the test plants were found inhibitory to the 
juveniles' emergence. However, the inhibitory effect increased with increasing 
concentration of the extracts (Table-1, Fig.l). 
The hatching was completely inhibited at 'S ' standard concentrations of the 
leaves of C. procera and T. erecta, however, at the same concentration few juveniles 
emerged in the extracts of C. sativa (17), E. cotonifolia (21), A'^ . indiciim (28) and 
S.nigrum (63). At 'S/2' concentration the corresponding figures of juveniles emerged 
in the above treatment were 11, 18, 27, 43, 56 and 84 respectively compared with 320 
in distilled water control. The juveniles emergence increased further in the lower 
concentrations (S/10 and S/100). The range of inhibition in juveniles hatching in 
'S/10' concentrations of leaf extracts observed were 86.56% in C. procera followed 
by 82.18% in T. erecta, 77.81% in C. sativa, 12A1,% in E. cotonifolia, 69.37% in 
N.indicum and 63.75%) in S. nigrum.The inhibition in the juveniles hatching was less 
than 50% in S. nigrum as compared to almost 80% in C. procera leaves at S/lOO 
concentration (Table-1, Fig.l). 
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4.2 Effect of water extracts of fresh chopped plant parts (flower, 
fruit and stem) of some selected plant species on the larval 
hatching of the root-knot nematode, Meloidogyne incognita 
The experiment was conducted under in vitro conditions to assess the 
antinemic properties of the water extracts of different plant parts of different plant 
species viz., Calotropis procera, Tagetes erecta, Euphorbia cotonifolia, Cannabis 
saliva, Nerium indicum and Solanum nigrum against the hatching of second stage 
juveniles (J2) of the root-knot nematode, Meloidogyne incognita. Flower, stem and 
fruit extracts of all the test plants were found inhibitory to juveniles' emergence. 
However, the inhibitory effect increased with increasing concentration of the extracts 
(Table-2, Fig.2). 
The results present in the table-2 clearly indicate that the average number of 
juveniles hatched in S, S/2, S/10 and S/100 concentrations of flower extracts of 
C.procera were 8, 24, 62 and 81 respectively. The corresponding figures for different 
concentrations of flower extracts of T. erecta were 10, 29, 69 and 89 and for stem 
extracts of E. cotonifolia were 18, 30, 74 and 90; C. sativa were 20, 38, 82 and 93; for 
fruit extracts of S. nigrum were 35, 62, 102 and 158 and for flower extracts of 
N.indicum the figures were 54, 72, 107 and 176 respectively. The Distilled Water 
(DW) control showed maximum juveniles hatching where average number of 
juveniles hatched were 320 (Table-2). 
Percent inhibition was found maximum in 'S ' concentrations of all the extracts 
with highest in 'S ' concentration of C. procera 97.50%. It was follwed by 'S/2' 
concentrations of flower extracts of C. procera 92.50%, T. erecta 90.93%, stem 
extracts of E. cotonifolia 90.62%, C. sativa 88.12% and fruit extracts of S. nigrum 
80.62% and flower extracts ofN. indicum 77.50%. 
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The range of inhibition in the juveniles hatching in 'S/10' concentrations 
observed were 80.62% in flower extracts of C. procera followed by 78.43% in 
T.erecta, 76.87% in stem extracts of £. cotonifolia, 1A.2>1% in C. sativa. Fruit extracts 
of 5. nigrum showed 68.12%, followed by flower extracts of A^ . indicum 66.56% 
(Table-2, Fig.2). 
4.3 Effect of antinemic properties of water extracts of fresh 
chopped leaves of different plant species on the mortality of the 
root-knot nematode, Meloidogyne incognita 
The data presented in table 3, fig.3, clearly shows that the mortality of root-
knot larvae with different concentrations of leaf extracts varied with exposer period. 
Calotropis procera proved highly toxic to larvae followed by Tagetes erectu. 
Cannabis sativa. Euphorbia cotonifolia, Nerium indicum and Solanwn nigrum. 
The percent mortality in C. procera was 85, 54, 34, and 10 in S, S/2, S/10 and 
S/100 concentrations as compared to '0' in Distilled Water control (DW) after 12 
hours. While in T. erecta it was 82, 51, 32 and 8 in S, S/2, S/10 and S/100. In C.sativa 
leaves extract it was 73, 44, 26 and 6, in E. cotonifolia 67, 41, 22 and 3, in N. indicum 
54, 27, 16 and 0. Similarly in S. nigrum the percent mortality was 51,21, 11 and 0 in 
S, S/2, S/10 and S/100 as compared to Distilled Water control (0) (Table 3, Fig.3). 
The percent mortality at 24 hours duration in C. procera was 92, 69, 42 and 15 in S, 
S/2, S/10 and S/100 concentrations as compared to Distilled Water control (0). While 
in T. erecta it was 90, 67, 40 and 12 in S, S/2, S/10 and S/100. In C sativa leaves 
extract it was 81, 52, 37 and 10, in E.cotonifolia 76, 42, 30 and 9, in N. indicum 63, 
36, 25 and 6 after 24 hours. Similarly in S.nigrum the percent mortality was 60, 30, 19 
and 3 in S, S/2, S/10 and S/100 as compared to DW control (0) (Table-3, Fig.3). 
The percent mortality at 48 hours duration in C. procera was found 100, 84, 51 and 
27 in S, S/2, S/10 and S/100 as compared to Distilled Water control (0). While in 
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Table 3. Effect of water extracts of chopped leaves of different plants 
on the mortality of Meloidogyne incognita in vitro 
Treatments 
Calotropis procera 
Tagetes erecta 
Cannabis sativa 
Euphorbia 
cotonifolia 
Nerium indicant 
Solamtm nigrum 
Time 
12 
24 
48 
12 
24 
48 
12 
24 
48 
12 
24 
48 
12 
24 
48 
12 
24 
48 
S 
85 
(79.4) 
92 
(91.2) 
100 
(103.8) 
82 
(76) 
90 
(88.8) 
96 
(100.6) 
73 
(66.6) 
81 
(76.8) 
89 
(87.4) 
67 
(61) 
76 
(68.4) 
85 
(83.6) 
54 
(50.2) 
63 
(57.2) 
76 
(71.2) 
51 
(44.4) 
60 
(51.8) 
64 
(59.6) 
S/2 
54 
(58) 
69 
(67.4) 
84 
78.1 
51 
(55.3) 
67 
(65.3) 
83 
(75.6) 
44 
(48.2) 
52 
(56.4) 
65 
(65.3) 
41 
(43.8) 
42 
(49.9) 
63 
(62.2) 
27 
(34.8) 
36 
(41.6) 
48 
(52.8) 
21 
(30.5) 
30 
(37.1) 
42 
(43.3) 
S/10 
34 
(36.6) 
42 
(43.6) 
51 
(52.4) 
32 
(34.6) 
40 
(41.8) 
49 
(50.6) 
26 
(29.8) 
37 
(36) 
40 
(43.2) 
22 
(26.6) 
30 
(31.4) 
37 
(40.8) 
16 
(19.4) 
25 
(26) 
32 
(34.4) 
11 
(16.6) 
19 
(22.4) 
22 
(27) 
S/100 
10 
(15.2) 
15 
(19.8) 
27 
(26.7) 
8 
(13.9) 
12 
(18.3) 
25 
(25.6) 
6 
(11.4) 
10 
(15.6) 
22 
(21.1) 
3 
(9.4) 
9 
(12.9) 
19 
(19.4) 
0 
(4) 
6 
(10.4) 
16 
(16) 
0 
(2.7) 
3 
(7.7) 
7 
(10.7) 
DW 
0 
(-6.2) 
0 
(19.8) 
0 
(1) 
0 
(-6.8) 
0 
(-5.2) 
0 
(0.6) 
0 
(-7) 
0 
(-4.8) 
0 
(-1) 
0 
(-7.8) 
0 
(-5.6) 
0 
(-2) 
0 
(-
11.4) 
0 
(-5.2) 
0 
(-2.4) 
0 
(-
11.2) 
0 
(-7) 
0 
(-5.6) 
Regression 
equation 
Y=36.6+21.4(x-2) 
Y=43.6+23.8(x-2) 
Y=52.4+25.7(x-2) 
Y=34.6+20.7(x-2) 
Y=41.8+23.5(x-2) 
Y=50.6+25(x-2) 
Y=29.8+18.4(x-2) 
Y=36+20.4(x-2) 
Y=43.2+22.1(x-2) 
Y=26.6+17.2(x-2) 
Y=31.4+18.5(x-2) 
Y=40.8+21.4(x-2) 
Y=19.4+15.4(x-2) 
Y=26+15.6(x-2) 
Y=34.4+18.4(x-2) 
Y=16.6+13.9(x-2) 
Y=22.4+14.7(x-2) 
Y=27+16.3(x-2) 
Each value is an average of three rephcates 
DW = Distilled water (control), S=Standard concentration of extracts 
Values calculated from regression equations are given in parenthesis 
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T.erecta it was 96, 83, 49 and 25 in S, S/2, S/10 and S/100. In C. sativa leaves extract 
it was 89, 65, 40 and 22, in E.cotonifolia 85, 63, 37 and 19, in N. indicwn 76, 48, 32 
and 16 after 48 hours. Similarly in S. nigrum the percent mortality was 64, 42, 22 and 
7 in S, S/2, S/10 and S/100 as compared to Distilled Water control (0) (Table-3, 
Fig.3). 
4.4 Effect of different concentrations of fresh chopped flower, stem 
and fruit water extracts of different plant species on the 
mortality of the root-knot nematode, Meloidogyne incognita 
The flower extracts of C. procera brought about almost 100% mortality after 
48 hours of exposer period followed by T. erecta with almost 90% mortality at 'S' 
concentration after 48 hours of exposer period. However, the nematode mortality was 
more than 80% at 'S ' concentration of the stem extract of £. cotonifolia and C. saliva 
and more than 60% in fruit and flower extracts of S. nigrum and N. indicum after 48 
hours of exposer period. The extract of flowers of C. procera were very effective in 
killing the nematode and nematode killed were slightly less than 50% even at S/10 
concentration after 48 hours. At S/2 concentration of the flower extracts of C procera 
and T. erecta, more than 60% nematode mortality was obseved after 12 and 24 hours 
and in case of stem extracts of £•. cotonifolia and C. sativa and almost 50% in case of 
fruit and flower extracts of 5'. nigrum and N. indicum after 12 and24 hours. Whereas 
'S/100' concentrations of the extacts were found to be least toxic, that could not be 
able to kill even 30% nematode even after 48 hours of exposer. Flower extracts of 
N.indicum was found as least effective in nematode killing (Table-4, Fig.4). 
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Table 4. Effect of water extracts of fresh chopped Plant parts of 
different plants species on the mortality of Meloidogyne 
incognita in vitro 
Treatments 
Calotropis procera 
(flower) 
Tagetes erecta 
(flower) 
Euphorbia 
cotonifolia 
(stem) 
Cannabis sativa 
(stem) 
Solamim nigrum 
(fruit) 
Neriunt indicum 
(flower) 
Time 
12 
24 
48 
12 
24 
48 
12 
24 
48 
12 
24 
48 
12 
24 
48 
12 
24 
48 
S 
83 
(76.4) 
89 
(85.6) 
95 
(96.6) 
78 
(70.8) 
85 
(80.4) 
90 
(87.6) 
70 
(63.8) 
79 
(74.6) 
86 
(84.8) 
68 
(62.2) 
77 
(71.8) 
87 
(85) 
52 
(41.4) 
62 
(54.4) 
72 
(66) 
51 
(40.2) 
61 
(53.4) 
69 
(63) 
S/2 
52 
(54.6) 
63 
(62.5) 
79 
(71.8) 
47 
(50.5) 
58 
(58.5) 
66 
(64.9) 
42 
(46.1) 
50 
(54.8) 
64 
(63.2) 
42 
(44.7) 
47 
(52.6) 
63 
(63.2) 
21 
(28.9) 
33 
(38.7) 
45 
(48.3) 
20 
(28) 
32 
(38) 
43 
(45.8) 
S/10 
29 
(32.8) 
35 
(39.4) 
40 
(47) 
26 
(30.2) 
31 
(36.6) 
36 
(42.2) 
25 
(28.4) 
36 
(35) 
38 
(41.6) 
23 
(27.2) 
34 
(33.4) 
38 
(41.4) 
9 
(16.4) 
20 
(23) 
24 
(30.6) 
8 
(15.8) 
20 
(22.6) 
22 
(28.6) 
S/100 
0 
(10.8) 
10 
(16.3) 
21 
(22.2) 
0 
(9.9) 
9 
(14.7) 
19 
(19.5) 
5 
(10.7) 
10 
(15.2) 
20 
(20) 
3 
(9.7) 
9 
(14.2) 
19 
(19.6) 
0 
(3.9) 
0 
(7.3) 
12 
(14.1) 
0 
(3.6) 
0 
(7.2) 
9 
(11.4) 
DW 
0 
(-10.8) 
0 
(-6.8) 
0 
(-2.6) 
0 
(-10.4) 
0 
(-7.2) 
0 
(-3.2) 
0 
(-7.0) 
0 
(-4.6) 
0 
(-1.6) 
0 
(-7.8) 
0 
(-5.0) 
0 
(-2.2) 
0 
(-8.6) 
0 
(-8.4) 
0 
(-4.8) 
0 
(-8.6) 
0 
(-8.2) 
0 
(-5.8) 
Regression 
equation 
Y =32.8+21.8(x-2) 
Y =39.4+23.1 (x-2) 
Y =47+24.8(x-2) 
Y =30.2+20.3(x-2) 
Y =36.6+21.9(x-2) 
Y =42.2+22.7(x-2) 
Y =28.4+17.7(x-2) 
Y=35+19.8(x-2) 
Y =41.6+21.6(x-2) 
Y=27.2+17.5(x-2) 
Y =33.4+19.2(x-2) 
Y=41.4+21.8G(x-2) 
Y=16.4+12.5(x-2) 
Y=23+15.7(x-2) 
Y =30.6+17.7(x-2) 
Y =15.8+12.2(x-2) 
Y=22.6+15.4(x-2) 
Y =28.6+17.20 (x-2) 
Each value is an average of three rephcates 
DW = Distilled water (control), S=Standard concentration of extracts 
Values calculated from regression equations are given in parenthesis 
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In vivo experiments 
In the present work attempts have been made to screen out the percent 
susceptibihty of the 4 chickpea, Cicer arietinum L., Family-Fabaceae cuUivars viz. 
IR-36, Pusa-256, DCP- 92 and Avarodhi against root-knot nematode, Meloidogyne 
incognita. 
4.5 Reaction of different cultivars of Chickpea, Cicer arietinum L. 
to the root-knot nematode, Meloidogyne incognita 
All the test cultivars of chickpea, varieties, IR-36, Avarodhi, DCP-92, Pusa-
256 were found susceptible to the root-knot nematode, Meloidogyne incognita 
however, to varying extent (Table-5, Plate-1, 2). Significant reduction was observed 
in different plant growth parameters (e.g.. Plant length, plant weight (fresh & dry), 
number of flowers and pods/plant, chlorophyll content, nitrate reductase activity, root 
nodulation and root-knot index at the higher inoculum of the nematode i.e., 500 and 
5000 second stage juveniles (j2)/plant. Highest reduction in plant weight (fresh & dry) 
was noted in cultivar 'Avarodhi' (52.79% & 52.78%) with highest inoculum level 
(5000) over uninoculated control (15.99%) & 15.81%)). This reduction was found 
directly correlated with number of root galls produced; it showed higher root-knot 
indices (4.8) and reduce the nodule number (0.7), whereas cultivar 'IR-36' was found 
least susceptible among different cultivars with reduction in plant weight (fresh & 
dry) = 35.43%) & 35.33%o, root-knot index= 2.56 and number of nodules = 3.45 
(Table-5a,b,Fig.5, Plate-1,2). 
The root-knot nematode, M. incognita also brought about significant reduction 
in the chlorophyll content of the leaves. Higher reduction (67.38%)) was noted in the 
cultivar 'Avarodhi' at 5000 inoculum level, it was foUwed by inoculum level 500 
(47.39%) and 50 (9.95%). The least reduction in the chlorophyll content between 
37 
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Figure 5. Histograms showing the effect of different inoculum levels of 
Meloidogyne incognita on plant length, fresh and dry weight of 
different chickpea varieties. 
3.63% - 22.04% was observed in cultivar IR-36 followed by 6.64%-36.72% in Pusa-
256 and 8.6% - 41.04% in the cultivars DCP-92 (Table-5b). 
Similarly, the root-knot infection also caused significant reduction in the 
nitrate reductase activity in plant leaves, highest being in the cultivar Avarodhi 
(94.50%) and lowest IR-36 (43.51%) at 5000 inoculum level. Cultivars Pusa-256 
(44.77%) and DCP-92 (45.95%) also showed significant reduction o\er their 
respective their uninoculated control. 
The adverse effect of nematode on plant growth and related parameters might 
have contributed towards the reduction in flower and pod number. Highest and lowest 
inhibition in flower and pod number was observed in the cultivars Avarodhi (82.78% 
& 91.74%) and IR-36 (55.80% & 65.33%) respectively (Table-5b, Plate-1, 2). 
4.6 Allelopathic effect of interculturing Tagetes erecta with 
different cultivars of chickpea against the impact of root-knot 
development caused by Meloidogyne incognita and plant 
growth characters of Chickpea 
Results presented in the table-6, plate-3, indicate that all the four cultivars of 
chickpea were highly susceptible to the root-knot nematode, Melidogyne incognita. 
The root-knot infestation, however was significantly retarded when these cultivars 
were grown with Tagetes erecta. The root-knot indices and number of nodules on 
chickpea cultivar IR-36 recorded were 0.53 and4.48 followed by cultivars Pusa-256 
(1.23 & 4.38) and DCP -92 (1.30 & 4.25). The least effect was observed in case of 
chickpea cv. 'Avarodhi' where corresponding figures were 1.65 and 4.10 respectively 
(Table-6b). 
Interculturing T. erecta with chickpea cultivars greatly enhanced all plant 
growth parameters as compared to their respective inoculated plants, without 
intercultured T. erecta. Interculturing was greatly efficacious in case of chickpea 
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Figure 6. Histograms siiowing the effect of interculturing Tagetes erecta 
with different chickpea varieties against Meloidogyne incognita 
cultivar IR -36 showing enhanced plant growth characters (Length=71.08cm, fresh 
wt.=28.08g, dry wt.=6.l9g, flower=35 and pod=26.50) followed by Pusa-256 
(Length=69.23cm, fresh wt.-27.04g, dry wt.=5.95g, flower=33.50 and pod=24.50) 
and DCP-92 (Length=66.40cm, fresh wt=26.10g, dry wt.=5.74g, flower=29 and 
pod=26). Chickpea cv. 'Avarodhi' was shown to be least effected by interculturing 
T.erecta with highest reduction in plant growth parameters (Length=63.50cm, fresh 
wt. =25.22g, dry wl.=5.54g, flower=28.50 and pQd=21.75) respectively (Tabte-6a,b, 
Fig.6, Plate-3). 
Allelopathic effect of T. erecta greatly enhanced the chlorophyll content and 
nitrate reductase activity of all four cultivars over their respective inoculated control 
without intercultured T. erecta plants. Chlorophyll content and nitrate reductase 
activity in intercultured chickpea cv. IR-36 were 2.698 and 0.470. The corresponding 
figures for cultivar Pusa-256 were 2.674 and 0.462 followed by cultivar DCP-92 with 
2.595 and 0.429 values. However, cultivar 'Avarodhi' also showed the enhanced 
values of chlorophyll content 2.327 and nitrate reductase activity 0.404 but to lesser 
extent as compared to other cultivars (Table-6b). 
4,7 Effect of seed dressing treatment of Calotropis procera latex on 
different cultivars of chickpea against the impact of root-knot 
development of Meloidogyne incognita 
The data presented in table-7, plate-4 clearly indicates that seed dressing with 
latices of Calotropis procera significantly reduced the root-knot development caused 
by Meloidogyne incognita. The effect was more pronounced in the chickpea cultivar 
IR-36 with reuction in root knot indices and increase in nodule number (1.10 & 4.35) 
followed by Pusa-256 (1.25 & 4.34), DCP-92 (1.25 & 4.20) and the least effect of 
seed dressing was observed in case of cultivar Avarodhi (2.08 & 3.89) as compared to 
their respective untreated inoculated control (Table-7b). 
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Figure 7. Histograms showing the effect of Calotropis procera latex seed 
treatment on plant growth parameters of different Chickpea 
cultivars against Meloidogyne incognita 
The latex of Calotropis procera was greatly efficacious incase of chickpea 
CLiltivar IR-36 showing enhanced plant growth characters (Length=69.15cm, fresh 
wt.=27.01g, dry wt.==5.94g, flower=33 and pod=25). All growth parameters also 
increased in cultivar Pusa-256 (Length=67.83cm, fresh wt.=26.25g, dry wt.=5.77g, 
flower=32 and pod=24) and DCP-92 (Length=65.13cm, fresh wt.=25.78g, dry 
wt.=5.66g, flower=30.50 and pod=24). However, cuUivar Avarodhi also showed 
increment in plant growth by seed dressing with C. procera ((Length=62.48cm, fresh 
wt.=24.79g, dry wt.=5.38g, flower=26.50 and pod=19) but to lesser extent as 
compared to other cultivars (Table-7a,b, Fig.7, Plate-4). 
The root-knot nematode, M incognita was found highly pathogenic on all 
chickpea cultivars in untreated control pots with reduced nitrate reductase activity and 
chlorophyll content. There was significant increase in nitrate reductase activity and 
chlorophyll content in different cultivars by the seed dressing with the latices of 
C.procera, more being in cultivar IR-36 (0.462 & 2.673) as compared to Pusa-256 
(0.437 & 2.652) and DCP-92 (0.418 & 2.503) over their respective untreated 
inoculated control. Corresponding figures of nitrate reductase activity and chlorophyll 
content for chickpea cv. Avarodhi were 0.382 and 2.246 with most significant 
reduction as compared to other cultivars respectively (Table-7b). 
4.8 Effect of seed dressing treatment oi Euphorbia tirucalli latex on 
different cultivars of chickpea against the impact of root -knot 
development of Meloidogyne incognita 
The data presented in the table-8, plate-4 clearly indicates that seed dressing 
with the latices of Euphorbia tirucalli significantly reduced the root-knot 
development caused by Meloidogyne incognita. The effect was more pronounced in 
the chickpea cultivar IR-36 with reduction in root knot indices and increase in nodule 
number (1.10 & 4.25) followed by Pusa-256 (1.30 & 4.15), DCP-92 (1.66 & 4.10) 
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Figure 8. Histograms showing the effect of Euphorbia tirucalli latex seed 
treatment on plant growth characters of chickpea cultivars against 
Meloidogyne incognita 
and the least effect of seed dressing was observed in case of cultivar Avarodhi (2.50 
& 3.53) as compared to their respective untreated inoculated control (Table-8b). 
The latex of E. tirucalli was greatly efficacious in case of chickpea cultivar 
IR-36 showing enhanced plant growth characters (Length=67.85cm, fresh 
wt.=26.27g, dry wt.=5.77g, flower=32.25 and pod=26). All growth parameters also 
increased in cultivar Pusa-256 (Length=66.60cm, fresh wt.=25.95g, dry wt.=5.74g, 
flower=31 and pod=22.75) and DCP-92 (Length=63.93cm, fresh wt.=25.33g, dry 
wt.=5.56g, flower=28.50 and pod=22.25). However, cultivar Avarodhi also showed 
enhancement in plant growth by seed dressing with E. tirucalli ((Length=60.83cm, 
fresh wt.=24.39g, dry wt.=5.36g, flower=23.50 and pod=16.25) but to lesser extent as 
compared to other cultivars (Table-8a,b Fig.8, Plate-4). 
The root-knot nematode, M. incognita was found highly pathogenic on all 
chickpea cultivars in untreated inoculated control pots with reduced nitrate reductase 
activity and chlorophyll content. There was significant increase in nitrate reductase 
activity and chlorophyll content in different cultivars by the seed dressing with the 
latices off', tirucalli, more being in cultivar IR-36 (0.438 & 2.653) as compared to 
Pusa-256 (0.425 & 2.589) and DCP-92 (0.404 & 2.410) over their respecti\e 
untreated inoculated control. Corresponding figures of nitrate reductase activity and 
chlorophyll content for chickpea cv. Avarohi were 0.365 and 2.243 with most 
significant reduction as compared to other cultivars respectively (Table-8). 
4.9 Effect of soil amendment with chopped leaves (fresh) of some 
botanicals on the root-knot development caused by 
Meloidogyne incognita and plant growth characters of 
Chickpea cv. 'Avarodhi' 
The present experiment was conducted under glasshouse conditions for 
evaluating the efficacy of fresh chopped leaves amended with manures supplemented 
41 
autoclaved soil, on the root-knot incidence caused by Meloidogyne incognita and 
plant growth of chickpea cv. 'Avarodhi'. 
The root-knot nematode, M. incognita was found highly pathogenic on 
chickpea in untreated control pots where the root-knot index and number of nodules 
recorded was 4.6 and 1.28 (0-5 scale). There was significant reduction in root galling 
with increase in nodule number caused by M. incognita in different treatments of 
chopped leaves, more being at higher doses (lOOg/pot). As compared to untreated 
control plants, the root-knot index and number of nodules were only 1.14 & 4.34 in 
plants treated with chopped leaves of Calotropis procera applied @100g/pot. 
However, the gall indices nodules at similar dose, in case of other treatments were 
(1.15 & 4.26), (1.78 & 4.03), (2.26 & 3.80), (2.78 & 3.6) and (3.6 & 2.80) in Tageies 
erecta, Cannabis sativa, Euphorbia cotonifolia, Nerium indicwn and Solanum 
nigrum. The corresponding figures of root-knot index and number of nodules for the 
same treatments when applied @50g/pot were (1.83 & 3.94), (2.05 & 3.78), (2.64 & 
3.5), (3.30 & 2.93), (4.08 & 2.13) and (4.30 & 1.85) respectively (Table-9b). 
There was significant improvement in plant growth characters (length, fresh & 
dry weight) due to application of various treatments, however, the increase was more 
pronounced at higher doses. Among all the treatments the highest plant growth 
(length=69.10cm, fresh wt.=27.64g & dry wt.=6g) was observed when pots were 
treated with chopped leaves of C.procera applied @ lOOg/pot followed by T. erecta 
(66.50cm, 26.34g & 5.79g), C. sativa (63.45cm, 25.09g & 5.52g), E. cotonifolia 
(62.13cm, 24.77g & 5.46g), N. indicum (57.63cm, 24.09g & 5.27g) and S. nigrum 
(51.90cm, 21.93g & 4.82g) as compared to untreated inoculated control (37.43cm, 
16.82g &3.72g). The enhancement in plant growth was found relatively less with a 
42 
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Figure 9. Histograms showing the effect of chopped leaves of different 
plants on length, fresh and dry weight of Chickpea cv. 'Avarodhi' 
against Meloidogyne incognita 
similar trend when the same treatments were appHed @ 50g/pot (Table-9a,b, Fig.9, 
Plate-5). 
The nematicidal effect of chopped leaves also has contributed towards the 
increase in flower and pod number with highest being (32.75 & 26.75) in the 
treatment with C procera @ lOOg/pot as compared to untreated inoculated control 
(10.75 & 6.25). However, the flower and pod number at similar doses in case of other 
treatments were (32 & 25.25), (28.50 & 22.50), (25.25 & 17.75), (22.75 & 16.75) and 
(16.25 & 13.25) in. T. erecta, C. sativa, E.cotonifolia, N. indicum and S. nigrum as 
compared to untreated inoculated control (10.75 & 6.25) and untreated uninoculated 
control (37.75 & 30.25). Corresponding figures of flower and pod number for same 
treatment when applied @ 50g/pot were (27.50 & 20.50), (25.25 & 18.75), (22.25 & 
16.00), (18.25 & 13.25), (13.50 & 11.25) and (13.25 &10.00) (Table-9b, Plate-5). 
Chopped leaves treatment also brought about significant increase in 
chlorophyll content and nitrate reductase activity as compared to untreated inoculated 
control (1.006 & 0.071). Highest being (2.634 &0.452) in treatment with C procera 
@ lOOg/pot followed by similar doses of T. erecta (2.556 & 0.431), C. sativa (2.319 
& 0.389), E. cotonifolia (2.150 & 0.377), N. indicum (1.869 & 0.351) and S. nigrum 
(1.479 & 0.260). The enhancement in chlorophyll content and nitrate reductase 
activity was found relatively less with a similar trend when the same treatments were 
applied @ 50g/pot (Table-9b). 
4.10 Effect of soil amendment with urea coated with Nimin, Achook, 
Neemraj, Neem seed kernel oil on the root-knot development 
caused by Meloidogyne incognita and plant growth characters 
of Chickpea cv. 'Avarodhi' 
The present experiment was conducted under glasshouse conditions for 
evaluating the nematicidal efficacy of soil amended with urea coated with Nimin, 
43 
Achook, Neem seed kernel oil, Neemraj on the root-knot incidence caused by 
Meloidogyne incognita and plant growth characters of Chickpea cv. 'Avarodhi'. 
In untreated inoculated control, the chickpea cv. 'Avarodhi' plant suffered a 
severe damage by the root-knot development caused by M. incognita with the root-
knot index=4.6 and number of nodules=1.28 (0-5 scale). 
The application of various additives significantly declined the incidence of 
root-knot nematode, however the severity of root galls was found minimum witli 
increase in nodule number (0.90 & 4.38) in plants treated with Nimin coated urea, 
when applied at higher doses (Triple strength). The root-knot indices and number of 
nodules of other treatments applied at the same concentrations were (1.20 & 4.20), 
(1.35 & 4.20) and (1.48 & 4.08) for Achook, Neem seed kernel oil and Neemraj. The 
root-knot infestation was also inhibited, however, to lesser extent, when the double 
strength of the above treatments were applied (Table-10b). 
The plant growth (length, fresh & dry weight, flowers, pod) of chickpea 
greatly improved but to varying extent depending upon the concentration of the 
treatment. The plants treated with Nimin (Triple strength) was found most effective in 
enhancing the plant growth (length=70.43cm, fresh wt.=27.69g, dry wt.=6.09g, 
flowers=34.50 and pod==26.25) followed by the plants treated with Achook 
(length=68.95cm, fresh wt.=26.73g, dry wt.=5.87g, flowers=32.50 and pod=24.25). 
Neem seed kernel oil at similar doses also reduces the impact of root-knot 
development (length=67.43cm, fresh wt.=26.38g, dry wt.=5.77g, flowers=30.75 and 
pod=23.50) followed by Neemraj (length=65.67cm, fresh wt.=25.67g, dry wt.=5.33g, 
flowers=30 and pod=21.50) (Table-10a,b Fig. 10, Plate-7). 
The chlorophyll content and nitrate reductase activity also increased in case of 
Nimin (2.688 & 0.460) when applied at triple strength followed by Achook (2.666 & 
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Figure 10. Histograms showing the effect of different strengths of 
Neem products on plant length, fresh and dry weight of 
Chickpea cv.'Avarodhi' against Meloidogyne incognita 
0.448), Neem seed kernel oil (2.639 & 0.434) and Neemraj (2.426 & 0.413). The 
lower doses also improved the plant growth character but to some lesser extent 
(Table-10b). 
4.11 Effect of soil amendment with different doses of oil cakes on 
the root-knot development caused by Meloidogyne incognita 
and plant growth characters of Chickpea cv. 'Avarodhi' 
The present experiment was conducted under glasshouse conditions lx)r 
evaluating the efficacy of two different doses of oil cakes amended with manures 
supplemented autoclaved soil on the root-knot incidence caused by Melodogyne 
incognita and plant growth of chickpea. 
The root-knot nematode, M.incognita was found highly pathogenic on 
chickpea in untreated inoculated pots where the root-knnot index and number of 
nodules recorded was 4.6 and 1.28 (0-5 scale). There was significant reduction in root 
galling with increase in nodule number caused by M.incognita in different treatments 
of oil cakes, more being at higher doses (lOOg/pot). As compared to untreated 
inoculated control plants, the root-knot index and number of nodules were only 0.85 
& 4.40 in plants treated with Neem oil cake applied @100g/pot. However, the gall 
indices nodules at similar dose, in case of other treatments were (1.30 & 4.20) and 
(1.55 & 4.13) in oil cakes of mustard and cotton. The corresponding figures of root-
knot index and number of nodules for the same treatments when applied @50g/pot 
were (1.55 & 4.18), (2.23 & 3.70) and (2.38 & 3.59) respectively (Table-1 lb). 
There was significant improvement in plant growth characters (length, fresh & 
dry weight) due to application of various treatments, however, the increase was more 
pronounced at higher doses. Among all the treatments the highest plant growth 
(length=71.35cm, fresh & dry weight = 28.14g & 6.19g) was observed when pots 
were treated with neem oil cake applied @ lOOg/pot followed by mustard cake 
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Figure 11. Histograms showing the effect of oil cakes on difTerent 
growth characters of chickpea cv. *Avarodhi' against 
Meloidogyne incognita 
(67.45cm, 26.33g & 5.79g) and cotton cake (63.93cm, 25.68g & 5.52g) as compared 
to untreated inoculated control (37.43cm, 16.82g & 3.72g). The enhancement in plant 
growth was found relatively less with a similar trend when the same treatments were 
applied @ 50g/pot (Table-1 la, Fig.l 1, Plate-6). 
The nematicidal effect of oil cakes also has contributed towards the increase in 
flower and pod number with highest being (34.75 & 26.75) in the treatment with 
Neem cake @ lOOg/pot as compared to untreated inoculated control (10.75 & 6.25). 
However, the flower and pod number at similar doses in case of other treatments were 
(31.25 & 23.75) and (29.25 & 22.75) in mustard cake and cotton cake as compared to 
uninoculated control (37.75 & 30.25). Corresponding figures of flower and pod 
number for same treatment when applied @50g/pot were (29.0 & 23.0), (25.0 & 
17.50) and (24.25 & 16.75) (Table-lib). 
Oil cakes treatment also brought about significant increase in chlorophyll 
content and nitrate reductase activity as compared to untreated inoculated control 
(1.006 & 0.071). Highest being (2.704 & 0.468) in treatment with neem cake @ 
lOOg/pot followed by similar doses of mustard cake (2.624 & 0.431) and cotton cake 
(2.411 & 0.415). The enhancement in chlorophyll content and nitrate reductase 
activity was found relatively less with a similar trend when the same treatments were 
applied @ 50g/pot (Table-lib). 
4.12 Effect of soil amendment with various oil cakes alone and in 
combination with Carbofuran and phorate on the root-knot 
development caused by Meloidogyne incognita and plant 
growth characters of Chickpea cv. 'Avarodhi' 
The present experiment was conducted under glasshouse conditions for 
evaluating the nematicidal efficacy of various oil cakes alone and in combination with 
46 
carbofuran and phorate on the root-knot incidence caused by Meloidogyme incognita 
and plant growth characters of Chickpea cv. 'Avarodhi'. 
The root-knot nematode, M. incognita was found highly pathogenic on 
chickpea. The development of nematode was found highly suppressed when plants 
were treated with different organic amendments. However, all the oil cakes when 
applied in combination with carbofuran were more effective in suppressing the 
nematode development. Plants treated with Neem cake+carbofuran were found least 
affected by the nematode, showing least number of galls with highest number of 
nodules (0.78 & 4.50) followed by Mustard cake+carbofuran (0.80 & 4.45) and 
Cotton cakes+carbofuran (1.10 & 4.30). Next in order of efficacy were phorate 
combination of oil cakes with neem cake+phorate (0.99 & 4.30), mustard 
cake+phorate (1.05 & 4.21) and cotton cake+phorate (1.28 & 4.20) as compared to 
soil amended with oil cake alone with neem cake (1.55 & 4.18), mustard cake (2.23 & 
3.70) and cotton cake (2.38 & 3.59) (Table-12b). 
The various plant growth characters (length, fresh weight, dry weight, flower 
and pod) of chickpea in the amended soil showed significant improvement. Moreover 
the combined treatments were more effective in enhancing the plant growth characters 
as compared to oil cakes amended alone. Neem cake+carbofuran brought the 
maximum increase in plant growth (length=72.48cm, fresh wt.=28.77g, dry 
wt.=6.41g, flowers=36 and pods=27.75). It was followed by mustard cake+carbofuran 
(length=70.85cm, fresh wt.=28g, dry wt.=^6.15g, flowers=35.50 and pods=26.50) and 
cotton cake+carbofuran (length=69.19cm, fresh wt.=26.95g, dry wl.=5.92g, 
flowers=33 and pods=25.50). Combination of oil cakes with phorate were also found 
effective as compared to the oil cakes amended alone but to lesser extent than the oil 
cakes and carbofuran combination (Table-12a,b, Fig. 12, Plate-6). 
47 
(/) 
e 
• mM 
rt 
OX) 
OS 
s 
« 
u 3 
( M 
o X i 
;« !« (J 
"O 
c 
C3 
O) 
- t - i i 
CS 
^ © 
J= 
a. 
^ 
s 
o 
*^ 
w 
c 
£ 
s 
o ; j 
B 
• p 4 
tr: 
O) 
.:^ 
« 
u 
r v 
*wm 
JS 
-o 
o 
u 
> 
< 
• 
(J 
«l 
O) 
a 
,£ 
u 
< M 
o 
V3 
u O) 
• h -
O) 
o 
ir 
C 
o 
• f e -
« 
u •h^ 
n O) 
s 
© 
(J 
e 
:• 
a> 
•a 
< M 
o 
« 
f M 
—* 
O 
. £ 
« 
H 
* j 
^ 
o 
6JD 
S 
c« 
a 
c 
© 
53 
. i « * 
O 
O 
<i> 
^, 
^ 
^ 
1 
3 
t 
Q 
3 
t 
? 
i 
J 
a 
> 
2 
o 
H 
1 
1 
C/5 
e 4 
1 
1 
1 
s 
>• 
5 
o 
1 
1 
is 
<u 
-2 
O N 
0 0 
O N 
r-
1 
o 
0 0 
0 0 
0 0 
1 
»r5 
0 0 
IT) 
o 
0 0 
1 
0 0 
IT) 
o 
0 0 
0 0 
0 0 
1 
IT) 
0 \ 
0 0 
IT) 
0 0 
0 0 
0 0 
Cu 
0 0 
1 
1—< 
r-
0 0 
f 1 
d 
1—1 
0 0 
1 
0 0 
0 0 
I-H 
1/5 
U 
d 
1 
0 0 
0 0 
1-H 
l/J 
d 
o 
0 0 
0 0 
IT) 
0 0 
1 
l - H 
o 
r-
o 
T—1 
0 0 
o 
ON 
1—( 
1 
0 0 
OS 
o 
-^ 
O N 
1 
O N 
«*5 
CU 
O N 
NO 
0 0 
1 
NO 
r4 
ON 
O N 
0 0 
0 0 
1 
o 
o 
0 0 
0 0 
ON 
0 0 
1 
IT) 
0 0 
d 
0 0 
0 0 
U 
•a 
« 
3 
O N 
l—H 
NO 
1/5 
0 0 
1—1 
OS 
NO 
0 0 
»/) 
^o 
1/3 
o 
0 0 
1/5 
o 
O N 
0 0 
1/5 
NO 
1/5 
ON 
O N 
1-H 
NO 
o 
>sd 
i -H 
O N 
1/5 
o 
O N 
l -H 
NO 
0 0 
1 
0 0 
1/5 
\o 
o 
0 0 
1/5 
0 0 
>/5 
ON 
OH 
O 
1 
O N 
1/5 
0 0 
o 
r i 
»/5 
0 0 
1 
1/5 
O N 
«/) 
O N 
O 
»/) 
1/5 
1 
ON 
1—1 
O N 
>vO 
ON 
' N O 
o 
«/5 
»/) 
u 
s 
o 
• ^ ^ 
• * . » 
o 
U 
0 0 
0 0 
r i 
1—1 
f4 
1/5 
1 
0 0 
*o 
1-H 
00 
1/5 
o 
o 
1-H 
O N 
O 
d 
«/5 
0 0 
0 0 
0 0 
1/5 
1/5 
0 0 
"o 
u 
c 
o 
U 
NO 
ON 
r^  
d 
NO 
1-H 
1-H 
1-H 
1/5 
O N 
O 
o 
«/5 
I / ) 
«/5 
ON 
1-H 
1/5 
•<l; 
«/5 
1/5 
"o 
u 
e 
o 
U 
NO 
d 
NO 
1-H 
r; 
r i 
i/T 
© d 
II 
Q 
ON 
d 
o 
r | 
r i 
ON 
r i 
^ H 
o 
d 
II 
Q 
U 
o 
c 
o U 
•o 
0) 
I 
• S i 
« o 
= -o 
2 g 
o s 
e 
• -H -^d 
Q, _ 
a> 3 
Si 
£ l 
o w 
e b 
S ^ 
<u 1 
^ o 
« O 
^ U 
> ; i 
I . 0X1 
gj r - . 
1^ 
S "-
•2 c= 
« o 
•C JO 
« 1-
> w 
- U 
g II 
ft- OX) 
5 "^  
O *H 
^= II 
cN OH 
!/) 
s 
c« 
DX) 
« 
c 
C9 
L. 
3 
( M 
o 
£> 
u C9 
(J 
73 
C (T: 
a» 
-«-> 
« 
u 
u 
. f i 
a. 
^ 
e 
o 
c 
£ 
b 
o 
u 
c 
•^ 
1/3 
c« 
u 
rs © 
o 
!>: B 
O 
- ^ - 1 
a 
L. 
-*rf 
c OJ 
u c 
o 
<J 
- 4 - 1 
B 
O 
k. 
.1> 
•o 
! M 
o 
• ^ J= 
T5 
n 
u 
« 
>• 
< 
> 
o 
OS 
O) 
x: 
u 
( M 
© 
1/1 
a; 
-h^ 
O) 
E 
C3 
^ OS 
a. 
JS 
© 
u 
IDJ) 
-h^ 
B 
a 
& 
B 
© 
.S 
ft/i 
^ 
^ 
S" 
• • > * 
^ 
»«• 
c^ 
fejD 
:^ 
— 
05 ^ .S 
e 
o 
> 
n o -o 
3 O 
Z Z 
s 
o 
> 
B O O 
3 a 
Z 
B 
O 
u 
> 
£ o 1 
3 £ 
Z to 
B 
O 
u 
> 
z s 
3 
B 
O 
L. OX) 
® E 
u 
E 
a.) 
Z 
s 
- 1 - ' O * 
i n 
1—1 
as 
1 
00 
a\ 
1 
o 
o 
00 
1 
o 
o 
O N 
o 
o 
1 
I—1 
o 
ON 
O N 
O 
1 
o 
00 
1—1 
00 
1 
1—< 
O N 
1 
o 
i n 
00 
© 
I-H 
1 
o 
in 
1 
NO 
r4 
CU 
E 
00 
o 
l-H 
1 
o 
IT) 
00 
1 
»o 
1 
o 
o 
^* 
o 
o 
OS 
1-H 
1 
0 \ 
r4 
U 
O N 
1 
o 
IT) 
r i 
1 
O 
IT) 
N© 
1 
o 
o 
O N 
1 
o 
as 
if) 
i n 
o 
i n 
o 
o 
00 
1 
o 
o 
a\ 
00 
i n 
1 
m 
l-H 
1 
i n 
• ^ , 
o 
I—1 
o 
i n 
!^ 
•a 
3 
O 
00 
o 
NO 
1 
i n 
o 
1-H 
1 
o 
i n 
NO 
' O 
ON 
i n 
1 
o 
i n 
i n 
o 
o 
1 
O N 
ON 
so 
U 
00 
o 
1 
ON 
i n 
NO 
m 
NO 
1 
m 
1—( 
m 
• * ' 
1 
m 
O 
O N 
n 
1 
OS 
ON 
00 
1 
o 
NO 
o 
1 
i n 
00 
00 
1—1 
o 
o 
O N 
i n 
i n 
r H 
1 
00 
d 
NO 
ON 
1 
m 
o 
i n 
o. 
e 
O 
O J 
o 
1—< 
i n 
1 
o 
o 
i n 
1 
o 
i n 
i n 
00 
i n 
r i 
1 
o 
o 
rn 
as 
O N 
O N 
d 
o 
o 
sq 
ri 
U 
o 
NO 
r H 
1 
00 
O N 
1 
m 
NO 
i n 
1-H 
1 
i n 
r-
d 
ON 
NO 
i n 
00 
1 
1—( 
r-
o 
d 
vo 
so 
o 
o 
"o 
a 
o 
U 
3 
1 
o 
m 
d 
m 
NO 
ON 
d 
"o 
k. 
c 
o 
U 
d 
i n 
d 
t-^ 
o 
l-H 
O 
d 
00 
o 
d 
iTT 
o 
d 
II 
Q 
U 
d 
d 
o 
00 
00 
o 
d 
m 
o 
d 
1-H 
o d 
II 
Q 
U 
o u 
e 
o 
U 
• o 
<-* ,—, 
2 0X1 
'S ^ 
0) * ; 3 
R 
••-» 
e 
3 
o o U 
„ - " 
o 
u 
C 
O 
U 
3 
. = OX) 
C/) 
0^ 
- 4 ^ 
« 
u 
a 
<u L . 
3 
<2 
t M 
0 
s 
« 01 
E 
a> 
k. 
cs 
i « 
<u 
3 
« 
> 
0 
k< 
- • - ' 
C 
0 
U 
•0 
a> 
« 
3 
u 0 
X! 
0 
PS 
•w' 
c 
u 
II 
0 
k> 
•fci^ 
s 0 
U 
^ M 
^^  
« 2 
= II 
o > 
n '^ 
• 2 ^ 
W S3 
> — 
C 3 
01 "O 
IL !« 
o S 
« z 
I . II 
)il cake alone I M Oil cake+Phorate H k ) ! ! cake+CarbofiiranI 
IBuntreated uninoculated control 
Jntreated inoculated control 
Neem Mustard Cotton control 
Treatments 
35 
30 -
1=?5 
1^5 
S 
"•10 
Nocm Mustard Cotton control 
Treatments 
Neem Mustard Cotton control 
Treatments 
Figure 12. Histograms showing tlie effect of different concentrations of oil cakes 
in combination with phorate and carbofuran against Meloidogyne 
incognita on plant growth parameters of chickpea cv. 'Avarodhi' 
The corresponding figures for chlorophyll content and nitrate reductase 
activity for soil amended with neem cake+carbofuran were 2.729 & 0.476, mustard 
cake+carbofuran were 2.699 & 0.460 and cotton cake+carbofuran were 2.670 & 0.449 
as compared to untreated inoculated (1.006 & 0.071) . The enhancement in 
chlorophyll content and nitrate reducase activity was found relatively less with a 
similar trend when the oil cakes were applied alone or in combination with phorate 
(Table-12b). 
4.13 Effect of soil amendment with different level of fungal 
inoculum on the root-knot development caused by Meloidogyue 
incognita and plant growth characters of Chickpea cv. 
'Avarodhi' 
The present experiment was conducted under glasshouse conditions for 
evaluating the efficacy of two different doses ( 2g & Ig) of fungi Trlchoderma 
harziamim and Paecilomyces lilacinus amended with manures supplemented 
autoclaved soil, on the root-knot incidence caused by M incognita and plant growth 
of chickpea. 
The root-knot nematode, Meloidogyne incognita was found highly pathogenic 
on chickpea in untreated inoculated pots where the root-knot index and number of 
nodules recorded was 4.6 and 1.28 (0-5 scale). There was significant reduction in root 
galling with increase in nodule number caused by M. incognita in different treatments 
of fungus, more being at higher doses (2g/pot). As compared to untreated 
uninoculated control plants, the root-knot index and number of nodules were only 
1.00 & 4.25 in plants treated with T. harzianum @2g/pot. However, the gall indices 
and nodules at similar dose, in case of P. lilacinus were 1.08 & 4.18. The 
corresponding figures of root-knot index and number of nodules for the same 
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treatments when applied @lg/pot were (1.25 & 3.95) and (1.29 & 3.90) respectively 
(Table-13b). 
There was significant improvement in plant growth characters (length, fresh & 
dry weight) due to application of various treatments, however, the increase was more 
pronounced at higher doses. Among all the treatments the highest plant growth 
(length=70.95cm, fresh & dry weight=27.80g & 6.09g) was observed when pots were 
treated with T. harzianum applied @ 2g/pot followed by P. lilacinus (70,45cm, 
27.54g & 6.04g) as compared to untreated inoculated control (37.43cm, 16.82g & 
3.72g). The enhancement in plant growth was found relatively less with a similar 
trend when the same treatment was applied @ Ig/pot (Table-13a, Fig. 13, Plate-7). 
The nematicidal effect of both the fungi also has contributed towards the 
increase in flower and pod number with highest being (33.75 & 24.50) in the 
treatment with T. harzianum @ 2g/pot as compared to untreated inoculated control 
(10.75 & 6.25). However, the flower and pod number at similar doses in case of 
P.lilacinus were (33.00 & 23.75) as compared to untreated uninoculated control 
(37.75 & 30.25). Corresponding figures of flower and pod number for same treatment 
when applied @lg/pot were (31.50 & 22.25) and (29.75 & 20.00) respectively 
(Table-13b, Plate-7). 
Oil cakes treatment also brought about significant increase in chlorophyll 
content and nitrate reductase activity as compared to untreated inoculated (1.006 & 
0.071). Highest being (2.709 & 0.447) in treatment with T. harzuuntm (a 2g/pot 
followed by similar doses of P. lilacinus (2.680 & 0.456). The enhancement in 
chlorophyll content and nitrate reducase activity was found relatively less with a 
similar trend when the same treatments were applied @ Ig/pot (Table-13b). 
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Figure 13. Histograms showing the effect of different concentrations of 
Trichoderma harzianum and PaecHomyces lilacinus against 
Meioidogyne incognita on plant growth parameters of chickpea 
cv. 'Avarodhi' 
4.14 Effect of combined application of carbofuran with 
undecomposed oil cakes and two fungal biocontrol agents on 
the development of root-knot nematode, Meloidogyne incognita 
and growth response of chickpea cv. 'Avarodhi' 
The results presented in table-14, fig.l4 clearly indicate that all the treatments 
brought about a significant reduction in the root-knot development caused by 
Meloidogyne incogntia. Highest rodnciion in the xooXAanoi with increase in xxodtuXc 
development was observed in soil amended with neem cake+carbofuran-
Trichoderma harzianum and Paecilomyces lilacinus (1.05 & 4.20) and (1.35 & 4.18); 
it was followed by combined application of mustard cake+carbofuran+T". harziamiiu 
and P. lilacinus (1.50 & 4.10) and (1.55 & 4.00); cotton cake+carbofuran+T. 
harzianum and P. lilacinus (1.60 & 3.85) and (1.80 & 3.80). In untreated inoculated 
pots the root-knot development was highest with least nodule number (4.60 & 1.28). 
The reduction in the root-knot development by the application of various treatments 
resulted in a better growth of the plant. 
The increase in plant length were observed 72.86, 70.27; 67.51, 66.92; 65.64 
and 64.83 cm in neem cake+carbofuran with T. harzianum and P. lilacinus; mustard 
cake+carbofuran+r. harzianum and P. lilacinus; cotton cake+carbofuran witli 
T.harzianum and P. lilacinus respectively as against 37.43 cm in untreated inoculated 
and 75.00 cm in untreated uninoculated control (Table-14a, Fig. 14, Plate-8). 
The fresh and dry plant weight was increased by (25.81 & 5.68), (25.40 & 
5.58); (24.98 & 5.49), (24.48 & 5.38); (23.93 & 5.26) and (23.91 & 5.26) in neem 
cake+carbofuran with T. harzianum and P. lilacinus; mustard 
cake+carbofuran+7./zflrz/fl!/2Mm and P. lilacinus; cotton cake+carbofuran vvilli 
T.harzianum and P. lilacinus respectively as against (16.82 & 3.72) in untreated 
50 
inoculated and 30.71 & 6.74 in untreated uninoculated plants (Table-14a, Fig. 14, 
Plate-8). 
The other plant growth characters like number of flowers and pods showed a 
similar response to the different treatments where the maximum number of flowers 
and pods (35.82 & 26.70) and (34.79 & 24.40) respectively were observed in plants 
treated with neem cake+carbofuran with T. harzianum and P. lilaciims followed by 
(32.34 & 23.90) and (32.11 & 23.60) observed in plants treated with mustard 
cake+carbofuran+r. harzianum and P. lilaciims. Combination of cotton 
cake+carbofuran with T. harzianum and P. lilacinus were found least effective where 
the corresponding figures for number of flowers and pods were (29.87 & 23.00) and 
(29.63 & 21.50) respectively as against 10.75 and 6.25 in untreated inoculated and 
37.75 and 30.25 in untreated uninoculated plants (Table-14b, Plate-8). 
The nitrate reductase activity and total chlorophyll content of leaves were 
found maximum (2.581 & 0.461) and (2.543 & 0.459) respectively when plants 
treated with neem cake+carbofuran with T. harzianum and P. lilacinus followed by 
(2.463 & 0.451) and (2.449 & 0.442) observed in plants treated with mustard cake-
carbofuran+ T. harzianum and P. lilacinus. Combination of cotton cake+carbofuran 
with T. harzianum and P. lilacinus were found least effective where corresponding 
figures for nitrate reductase activity and total chlorophyll content were (2.424 & 
0.436) and(2.416 & 0.427) respectively.The reduction in chlorophyll content and 
nitrate reducase activity was found most affected in untreated inoculated (Table-14b). 
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Figure 14. Histograms showing the effect of combined application of 
Undecomposed oil cakes+carbofuran and fungi on plant 
growth characters of Chickpea cv. 'Avarodhi' against 
Meloidogyne incognita. 
4.15 Effect of soil amendment with various decomposed oil cakes in 
combination with carbofuran and fungal biocontrol agents on 
the root-knot development caused by Meloidogyne incognita 
and plant growth characters of Chickpea cv. 'Avarodhi' 
The present experiment was conducted under glasshouse conditions for 
evaluating the nematicidal efficacy of various decomposed oil cakes in combination 
with carbofuran and biocontrol fungus on the root-knot incidence caused by 
Meloidogyne incognita and plant growth characters of Chickpea cv. 'Avarodhi'. 
The root-knot nematode, M. incognita was found highly pathogenic on 
chickpea. The development of nematode was found highly suppressed when plants 
were treated with different organic amendments. However, all the oil cakes when 
applied in combination with carbofuran and fungus were more effective in 
suppressing the nematode development. Plants treated with Neem cake+carbofuran 
with Trichoderma harzianum and Paecilomyces lilacinus were least affected by the 
nematode, showing least number of galls with highest number of nodules (0.80 & 4.0) 
and (1.03 & 4.33) followed by Mustard cake+carbofuran with T. harzianum and P. 
lilacinus (1.13 & 4.33) and (1.15 & 4.25). Next in order of efficacy were carbofuran 
combination of cotton cake with T. harzianum and P. lilacinus (1.28 & 4.18) and 
(1.30 & 4.00) respectively as compared to untreated inoculated control (Table-15b). 
The various plant growth characters (length, fresh weight, dry weight, flower 
and pod) of chickpea in the amended soil showed significant improvement. Moreover 
the combined treatments of decomposed oil cakes were more effective in enhancing 
the plant growth characters as compared to undecomposed oil cakes as neem 
cake+carbofuran with T. harzianum and P. lilacinus brought about the maximum 
increase in plant growth (length=76.33cm, fresh wt.=29.79g, dry wt.=6.55g, 
flowers=37.75 and pods=28.75) and (length=72.98cm, fresh wt.=28.84g, dry 
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Figure 15. Histograms showing the effect of combined application of 
decomposed oil cakes+carbofuran and fungi on plant length, fresh 
and dry weight of Chickpea cv. 'Avarodhi' against Meloidogyne 
incognita 
wt.=6.33g, flowers=36.25 and pods=26.75). It was followed by mustard 
cake+carbofuran with T. harzianum and P. lilacinus (length=71.15cm, fresh wl.=28g, 
dry wt.=6.15g, flowers=34.50 and pods=25.50) and (length=71.05cm, fresh 
wt.=27.88g, dry wt.=6.13g, flowers=34 and pods=25); Combination of cotton oil 
cakes+carbofuran with T. harzianum and P. lilacinus were also found effective as 
compared to the unamended soil but to lesser extent than the neem and mustaed oil 
cakes and carbofuran combination with T. harzianum and P. lilacinus (Table-15a,b 
Fig.l5, Plate-8). 
The corresponding figures for chlorophyll content and nitrate reductase 
activity for soil amended with neem cake+carbofuran with T. harzianum and P. 
lilacinus (2.766 & 0.486) and (2.735 & 0.476), mustard cake+carbofuran \N'ith T. 
harzianum and P. lilacinus are (2.694 & 0.464) and (2.685 & 0.461) and cotton 
cake+carbofuran with T. harzianum and P. lilacinus are (2.688 & 0.445) and (2.661 & 
0.444) as compared to untreated inoculated (1.006 & 0.071) (Table-15b). 
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PLATE! 
IR-36 PUSA-256 DCP-92 AVARODHI 
Untreated uninoculated plants of chickpea cultivars 
Chickpea cultivars treated with 50 nematodes/pot 
PLATE-2 
IR-36 PUSA-256 DCP-92 AVARODHI 
Chickpea cultivars treated with 500 nematodes /pot 
Chickpea cultivars treated with 5000 nematodes/pot 
PLATE-3 
IR-36 PUSA-256 DCP-92 AVARODHl 
Chickpea cultivars intercultured with Tagetes erecta 
PLATE-4 
AVARODHI DCP-92 PUSA-256 IR-36 
Seed dressing of chickpea cultivars with Euphorbia tirucalli 
Seed dressing of chickpea cultivars with Calotropis procera 
PLATE-S 
C.procera T. erecta C.sativa E.cotonifolia N.indicum S.nigrum 
Effect of chopped leaves of difTerent plants on plant growth of chickpea cv. 'Avarodhi' 
PLATE-6 
Neemcakc 
Effect of application of different oil cakes on Chickpea cv. "Avarodhi' 
Neem 
+ 
Carbofuran 
Neem 
+ 
Phorate 
Mustard 
+ 
Carbofuran 
Mustard 
+ 
Phorate 
Cotton 
+ 
Carbofuran 
Cotton 
+ 
Phorate 
Effect of combined application of oil cakes and nematicides on Chickpea cv. 
"Avarodhi" 
PLATE-7 
NIMIN ACHOOK NKO NEEMRAJ 
Effect of different neem products on plant growth of chickpea cv. 'Avarodhi' 
T. harzianum (Ig) T.harzianum (2g) P.lilacinus (Ig) P.lUacinus (2g) 
Effect of different concentration of fungi on plant growth of chickpea cv. 'Avarodhi' 
Tl Neem cake + Carbofuron + Trichoderma harzianum 
T2 : Neem cake + Carbofuron + Paecilomyces lilacinus 
T3 : Mustard cake + Carbofuron + Trichoderma harzianum 
T4 : Mustard cake + Carbofuron + Paecilomyces lilacinus 
T5 : Cotton cake + Carbofuron + Trichoderma harzianum 
T6 : Cotton cake + Carbofuron + Paecilomyces lilacinus 
PLATE-S 
Combined application of undecomposed oil cakes+carbofuran+fungi on 
chickpea cv. 'Avarodhi' 
Combined application of decomposed oil cakes+carbofuran+fungi on chickpea 
cv. 'Avarodhi' 
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DISCUSSION 
Pulses have been an integral part of Indian agriculture since time immemorial. 
By virtue of there ability to fix atmospheric nitrogen and being rich in vegetable 
proteins. Pulse always offers one of the viable options for diversification of the 
contemporary agriculture and management of natural resources. India has the 
distinction of being the top producer of pulses. Inspite of this, the country has 
experienced the progressive decline in per capita availability of pulses in recent years. 
The major constraint of low productivity in pulse production are low rainfall, low 
fertilizer inputs, less availability of certified seeds, traditional agriculture system in 
practice and the damage caused by different pests and pathogens. Although a large 
number nematodes of over 30 genera have been reported to be capable of causing 
significant quantitative or qualitative damage to important pulse crops. 
The key target nematode pests of pulse crops in India are root-knot nematode 
(Meloidogyne incognita and M. javanica), reniform nematode {Rotyleiichidus 
renifonnis), Pegionpea cyst nematode {Heterodera cajani) and root-lesion nematode 
{Pratylenchus thornei), where root-knot nematode occupy the paramount position 
among all because of their extensive host range, worldwide distribution and 
interaction (disease complexes). They cause injury in plant cells, alter their 
physiology create easy passage and ideal microenvironment for other pathogens as 
bacteria, fungi and viruses, makes them potentially serious constraints by creating 
greater damage than either of them could do alone to the pulse produced. 
The symptoms of nematode damage are generally confused with those of 
nutritional deficiencies. Examination of both plant and soil is necessary to detect 
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nematodes. The estimated over all annual yield loss of the world's major crop due to 
plant parasitic nematodes is 12.3% (Sasser & Freckman, 1987). Annual loss of crop 
due to nematodes was estimated as US $ 125 billion worldwide (Chitwood, 2003). 
This adverse situation faced by the farmers certainly justifies the adoption of proper 
management practices. Attempts have been made to screen out resistant cultivars of 
chickpea against M.incognita to check the different degree of resistance to M. 
incognita with least gall index (Ganguly et al., 2008). 
The main goal in managing the nematode problem is to keep the density as 
low as possible. However, there are no reliable cent percent damage control methods. 
Many noxious chemicals have been tried over the years but only a few nematicides 
are presently being used. Most of these are expensive and highly toxic (Jesse & Jada, 
2004). So, the use of non chemical method is receiving greater attention. The 
nematode management relevant to chickpea crop is briefly discussed here. 
One of the cheapest and effective methods of altering soil environment is its 
amendment with decomposable organic matter. The material used for soil amendment 
include dry or green crop residue, oil cakes. However, the efficacy of an organic 
management against the nematodes depends on many factors as C:N ratio (Ritzinger 
& McSoiiey, 1998), time duration since application (McSorley & Gallaher, 1996) and 
other organisms present in the soil environment including those which feeds on 
nematodes (Stirling, 1991). The high decomposition rates have been associated with 
increased number of nematodes antagonists and release of nutrient elements (Muller 
& Goody, 1982; Stirling, 1991). Further chemical released during the decomposition 
of organic amendments such as phenols etc. may induce disease resistance in the roots 
of host plants. Mojumder and Mittal (2000) demonstrc^3^t^b*d|toBlanting of neem 
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seedlings with chickpea plants was highly effective in reducing the impact of A/. 
incognita. 
In the current study the efficacy organic amendments viz., chopped leaves of 
different plants, neem products and oil cakes of neem, mustard and cotton alone and 
in combined application of carbofuran and phorate with two biocontrol fungi viz. 
Trichodermu harzianum and Paecilomyces lilacinus were evaluated against A/. 
incognita affecting plant growth characters of Cicer arietinum. 
During the current study, broad aspects assessed for the root-knot nematode, 
M. incognita management on chickpea were organic soil amendements, interculturing, 
seed dressing with latex, newer approach of utilizing biocontrol agents and urea 
coating with neem based commercial products. 
Much work has been carried out on the antagonistic nature of marigold 
{Tagetes spp.). The first report of resistance of marigold to nematode was given by 
Goff (1936), who noted the French marigold {T.patula) and African marigold 
(T.erecta) that were two of seven plant spp. devoid of root-knot infection during 
trials of different ornamental annuals. Since then many researchers have reported that 
the cultivation of marigold as cover crop, rotation crop, green manures or source of 
nematode antagonist extracts, significantly suppressed nematode noxious effect. This 
may be attributed to the toxic root exudates like a-terthienyls produced by marigold 
which also acts like trap crop (Kyo et al, 1990; Yen et ai, 1998). 
The nematode control efficacy of growing chickpea was greatly enhanced 
when different pots were treated with combined application of decomposed oil cakes 
of neem, mustard and cotton with carbofuran and biocontrol fungi T. harzianum and 
P. lilacinus. The other treatments were also found effective, in the order of efficacy as 
undecomposed oil cakes of neem, mustard and cotton with carbofuran and biocontrol 
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fungus T. harzianum and P.lilacinus > oil cakes +carbofuran > oil cakes+ phorate > 
fungus alone > oil cakes alone > chopped leaves of different plants. 
The results obtained here with respect to efficacy of oil cakes are in 
conformity with those obtained by several other workers (Anver & Alam, 2000; 
Hussain & Bora, 2006). The long lasting effect of oil cakes is due to the complex 
organic substances which decompose slowly (Daji & Iyengar, 1971). Phenols, 
aldehydes, amino acids and fatty acids liberated from the soil after oil cakes treatment 
are detrimental for nematode proliferation (Reddy et al., 1997), apart from this neem 
cake itself contain 0.25% formaldehyde (Sitaramaiah & Singh, 1978). Many theories 
have been put forth by different workers to explain possible mechanism of nematode 
control by application of oil cakes and fungus alone and in combination (Kumar & 
Klianna, 2006). The decomposition of oil cakes in the soil takes place due to the 
increased activity of soil microorganism including bacteria, fungi, algae etc. whose 
microbial activity is stimulated due to addition of organic matter to soil (Sayre, 1980; 
Rodriguez-Kabana et al., 1987). Various biocontrol agents including different spp. of 
fungi like Trichoderma viridae, T. harzianum, Paecilomyces lilacinus. Glomus 
fasciculatum, G. mosseae, Fusarium oxysporum and F. solani etc. either alone or in 
combination with organic amendments have been found to be highly deleterious to 
plant parasitic nematodes (Goswami,1993; Fazal et a/.,1998). These fungi are known 
to produce toxins and antibodies, malformin, hedacidine, lilacin, leucinostatin, 
gliotoxin, viridin etc. P. lilacinus reduces the damage caused by R. reniformis or M. 
incognita (Khan & Hussain, 1988). Studies conducted under controlled as well as 
field conditions indicated that T. harzianum, A. niger and P. lilacinus act effectively 
against M. incognita and H. cajani infesting chickpea and pegionpea (Haseeb & 
Shukla, 2002, 2003). Oxidative enzyme produced by Bacillus subtilis are considered 
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to be scavengers of H2O2 and enhance defence responces as lignification cross linking 
of cell wall proteins, production of antimicrobial radicals (Lamb & Dixon, 1997). 
Peroxidase is a key enzyme in lignin biosynthesis (Bruce &West, 1989). 
The two systemic nematicides carbofuran (3G) and phorate (lOG) were also 
included in the present study for comparing efficacy of various organic amendments 
particularly that of oil cakes and it was observed that the test oil cakes were in no w ay 
inferior to the nematicides. 
The principle underlying the efficacy of oil cakes is that decomposable 
organic matter should be allowed to decompose in soil in way and for particular 
duration so that it suppress or destroy pathogen and does not interfere v/ith nonnal 
crop yield. 
The laticiferous cells or vessels of latex bearing plants may contain some 
alkaloidal fluids which are repulsive to taste or are poisonous and thus disturb the 
nervous system of animals and acts as nematode suppressants (Siddiqui & Alani, 
1990; Siddiqui et al., 1987). Latex of Euphorbia tlrucalli and Calotropis procera was 
found toxic to M. incognita, Helicotylenchus indicus, Hoplolaimus indicus and 
Tylenchus fdiformis. The toxicity of latex increased with an increase in the 
concentration and exposed period. The larval hatching was also significantly arrested 
by these plants treatment (Zureen & Khan, 1984). 
The plants are important sources of many naturally occuring phytochemicals 
antagonist towards plant parasitic nematodes and other pests. Higher plants have 
yielded a large number of active compounds including alkaloids, cyanogenic 
glycosides, terpenoids, diterpenoids, triteipenoids, lipids, fatty acids, steroids, 
polyacetylenes, quassinoids, glucosinolates, isothiocyanates, flavonoids, simple and 
complex phenolics etc. (Blum, 1996; Chitwood, 2002). Therefore, a study was 
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conducted to evaluate the efficacy of chopped leaves of six plants spp. Calotropis 
procera, Tagetes erecta, Cannabis saliva, Euphorbia cotonifolia, Nenum indicum and 
Solanum nigrum under glasshouse conditions using two potential doses (50 & 100 
g/pot). All the treatments significantly reduced the root-knot development resulting in 
corresponding increase in plant growth of Cicer arietinum. The higher doses were 
found to be comparatively more effective and the highest reduction in root-knot 
infestation and increase in plant growth was found in pots treated with C.procera. The 
different plant spp. differed with respect to nematicidal activity on plant growth. The 
leaf extracts of the above mentioned plants also showed high nematicidal potential /// 
vitro, highest being with C.procera and lowest being with S.nigrum there by 
supporting the above results. 
Some neem based products have also been marketed with different names as 
Limonol, Neemark, Neemguard, Nimbicidine, Wellgro, Agricef, Neoconeem, Nimin. 
Neemgold and Achook etc.The application of such products with urea in soil, 
exhibited highly effective suppression of root-knot nematode. The wide range of 
pesticidal actions, nematicidal repellant, juveniles toxicants ovicidal potentials of 
neem products could be linked to the multiple active compounds with most effective 
being the azadirachtin. Nimin is beneficial for the root-knot control on chickpea 
(Wani & Alam, 1999). These formulations are safe, biodegradable and managable by 
the farmers and environmental friendly unlike synthetic. Similarly, nematicidal 
properties were also reported in leaf and seed extracts ofMelia azedarach (Lee, 1987; 
Ram & Baheti, 2003). 
Thus, from the series of these in vitro and in vivo experiments, it may be 
concluded that the soil amendments with various plant species reduced the root-knot 
M. incognita densities and its reproduction in chickpea compared to untreated 
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inoculated control. These differences with references control could either be due to 
the changed nutritional status of soil following amendments with plant material, latex 
seed treatment or because of the allelochemicals that were added to the soil either 
directly through the interculturing plant or through their products of microbial 
degradation. 
Urea is the major source of nitrogenous fertilizers in India. It is estimated thai 
out of the total quality of urea applied to crops, 50-70% is lost in various forms, 
thereby reducing availability of nitrogen to crop.Urea used is hydrolysed by urease 
present in the soil and then nitrogen, in the form of urea amide which is rapidly 
converted into ammonical nitrogen and subsequently to nitrate and nitrite. This fonn 
of nitrogen besides being observed by plants is also rapidly lost from the soil due to 
leaching, run- off, volatilization and denitrification. When neem products are mixed 
with urea and incorporated into the soil, the triterpenes retard the growth and 
multiplication of nitrifying bacteria resulting in delayed transformation of ammonical 
nitrogen into nitrate (Akhtar & Alam, 1993).These findings with respect to the 
protective action and direct toxicity of these organic amendments could go a long way 
to help in developing some potential and promising plant based nematicidal products. 
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CHAPTER- VI 
SUMMARY 
The present investigations were carried out to envisage the results of various 
experiments performed in vitro and under glasshouse conditions to evaluate the 
efficacy of different organic amendments appHed either alone or in combination with 
two nematicides (Carbofuran/Furadan 3-G and Phorate/Thimet 10-G) and two 
biocontrol agents viz., Trichoderma harzianum and Paecilomyces lilacinus against tlie 
root-knot development caused by the root-knot nematode, Meloidogyne incognita 
attacking chickpea, Cicer arietinum L., cv. 'Avarodhi'. The organic additives 
including neem based commercial products as Nimin (a triterpene rich neem product 
of Godrej Co.Ltd. India), Achook (a triterpenoid containing Azadirachtin 0.15%w/\v 
min., product of Godrej Agrovet Ltd.), Neem kernel oil (cold pressed Niboli oil, 
product of Khadeshwar Oil Mills Pvt. Ltd., Aurangabad), Neemraj (a neem product of 
Khadeshwar oil Mills Ltd. Aurangabad-1, Maharashtra, India) as urea coating agents 
were utilized against the impact of M incognita and their potential in enhancing the 
plant growth characters of chickpea cv. 'Avarodhi'. 
During in vitro studies, the water extracts of different plant parts of some 
selected plants viz., Calotropis procera, Tagetes erecta, Euphorbia cotonifolia. 
Cannabis sativa, Nerium indicum and Solanum nigrum were found highly deleterious 
to the larval hatching of M. incognita. However, the toxicity being more pronounced 
with an increase in concentration and exposer period. A similar trend was also 
observed when the water extracts of plant parts were tested against the mortality oiM. 
incognita juveniles with leaves of Calotropis procera being highest in nematostatic 
potential and Solanum nigrum with least. 
61 
Pathogenicity of Meloidogyne incognita was checked on four chickpea 
cultivar. Out of four cuUivars viz., IR-36, Pusa-256, DCP- 92, Avarodhi chickpea 
cv., 'Avarodhi' was found most susceptible. 
Antagonist crops (enemy plants) contain some chemicals or alkaloids in their 
root exudates, which repel or suppress nematodes. Marigold root exudates consist of 
the alpha terthinyl and bithinyl compounds. The efficacy of interculturing Tagetes 
erecta on all chickpea cultivars was analysed. Allelopathic effect of Tagetes erectly 
found to suppress the effect of root-knot development and also enhance plant growth 
characters of all chickpea cultivars. 
Seed treatment with the latices of Calotropis procera and Euphorbia tinicalli 
also showed nematostatic potential against root- knot with simultaneous increment in 
plant growth of all chickpea cultivars. 
One of the cheapest and effective methods of altering soil environment is its 
amendment with decomposable organic matter. Organic soil amendments with 
chopped leaves of Calotropis procera, Tagetes erecta, Euphorbia cotonifolia, 
Cannabis sativa, Nerium indicum and Solanum nigrum applied at two doses (50g 
and lOOg/pot) were also found effective with C. procera showing highest nematostatic 
potential with decreasing root-knot galls and enhancing plant growth parameters. 
Among all neem products Nimin, Achook, Neem kernel oil, Neemraj., 'Nimin' was 
found most effective in inhibiting the root-knot with positive impact on plant growth 
characters of chickpea cv. 'Avarodhi'. 
The various results obtained were worthwhile when chickpea were treated 
with various oil cakes. The principle underlying the efficacy of oil cakes are that 
decomposable organic matter should be allowed to decompose in soil in way and for 
particular duration so that it suppress or destroy pathogen and does not interfere with 
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normal crop yield. Decomposed oil cakes in comparison to undecompose oil cakes of 
various plants viz., Neem, Mustard and Cotton alone @ 50g/pot and in combination 
with nematicide, Carbofuran/Furadan @ Ig/pot and two biocontrol agents viz., 
Trichoderma harzianum and Paecilomyces lilacinus @lg/pot showed the highest 
nematicidal impact against the root-knot nematode M. incognita and their potential in 
enhancing plant growth characters and nodulation in roots of chickpea cv. 'Avarodhi'. 
These organic amendments and biocontrol agents utilized above are proved to 
be a better substitute in reducing the chemical hazards of nematicides and are 
promising in future prospects of eco friendly root-knot management affecting 
chickpea. 
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